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HISTORY OP GBOLOOrCJLL SURVEYS IN MINNESOTA. 

By N. H. WiNCHELL. 

The first eflfort of the State of Minnesota to institute a survey 
of her domain was made in 1858 by the first Legislature that met 
after the admission of the state into theUnion. No general law was 
passed, but a reprint was ordered of a portion of former reports 
by Prof. Daniels on the survey of Wisconsin, in which state 
Minnesota had then latterly been embraced. 

The commissioner of statistics, Joseph A. Wheelock, also in- 
cluded in his official reports for the years 1859 and 1860, gen- 
eral summaries of the physical features and agricultural capabili. 
ties of the state, which went far toward recommending the state 
to eastern immigrants. The facts, however, were derived not so 
much from original observation as from newspaper articles, 
reviews and correspondence. These reports were widely distrib- 
uted and introduced the state, in its diversified natural re- 
sources, favorably, to the rest of the Union, which undoubtedly 
was the prime object of their author. 

An abortive attempt to establish a regular geological survey 
was made by the second State Legislature, which adopted a '^ con- 
current resolution" ordering the appointment of commissioners 
to report on the geology of the state, and on a plan for a geologi- 
cal survey. These commissioners made sepai*ate reports, setting 
forth the utility of such a survey, but owing to the financial 
burdens which the young state had to bear, incident to the 
inauguration of the various public institutions, and to the op- 
position of governor Ramsey, the Legislature did not take any 
farther action upon the subject. 

The Legislature of 1864, however, by joint resolution, author- 
ized the governor to appoint and direct a state geologist. The 
appointee was Dr. Aug. H. Hanchett, and he associated with 
himself Mr. Thomas Clark, who had been one of the ''commis- 
sioners" of the resolution of 1860. These gentlemen each made 
one report for 1864, that of Mr. Clark containing some valuable 
information concerning the physical features of the northern 



part of the state, but adding little or DothiDg to the actual geol- 
ogy. For a report of progress, on the first year's work, limited 
in time and means, the pamphlet containing these two papers 
may be considered a creditable production; and had the survey 
been continued as planned by Mr. Clark it might have become 
useful and successful. But it became apparent that Dr. Hanchett 
was not intelligently and wholly devoted to the work, and on the 
passage of a more general act by the Legislature of 1865, the gov- 
ernor conferred the position of state geologist upon Mr. Henry 
H. Eames. 

Mr. Eames made two brief annual reports of progress, one for 
1865 and one for 1866. The former is devoted to an account of 
a "prospecting" tour made by him through the metalliferous 
region bordering on lake Superior, and the latter to observations 
on the geology of some of the north central counties of the state. 
It was owing to the discoveries of Mr. Eames that the "gold 
fever'' centering on Vermilion lake rose in speculative mining 
circles. This prevailed for about two years, and subsided after 
the Legislature refused further appropriations for the survey. 

The notes and observations of Col. Charles Whittlesey, made 
in Minnesota at various times, sometimes for parties at private 
expense and sometimes for the United States government, were 
printed at the cost of the State of Minnesota, and issued, at 
Cleveland, Ohio, as a "Report of explorations in the mineral 
regions of Minnesol^ during the years 1848, 1859 and 1864," 
dated 1866. As a geological report this unpretentious brochure 
is of more value than all the previous reports, issued under the 
auspices of the state, combined. 

In 1865 Mr. N. C. D. Taylor was authorized by act of the Leg- 
islature to make surveys for copper in the valley of the St. 
Croix and of the Kettle rivers, to the aggregate cost of one thous- 
and dollars. A brief report, occupying about one octavo page, 
was rendered by Mr. Taylor and printed in the executive docu- 
ments (for 1866!), giving an account of his operations and quot- 
ing the verbal opinion of Prof. James Hall. 

In 1870 Prof. A. Wiuehell was appointed by the governor to 
examine and report on the reputed salt springs at Belle Plaine, 
with a view to ascertain the propriety of appropriating money 
to aid in the development of the brine by the State Legislature. 
The published report is an octavo pamphlet of sixteen pages, 
and was the last work of the kind done through the instrumen- 
tality of the state before the beginning of the present survey. 



Those who desire a fuller accoant of these early surveys and 
of other similar work in the State of Miunesota, prior to 1872, 
may consult the final report of the present '^ geological and natu- 
ral history survey,'' Vol. I. It is the purpose of this paper to 
deal more fully with the progress and history of the present sur- 
vey. 

History of the Geological and Natural History survey of Minnesota. 

The law which organized this survey was drawn up by presi- 
dent \Vm. W. Folwellg of the University of Minnesota. This 
law, before it was offered in the State Legislature, was shown to 
some geologists and educators, who might have some opiuion or 
advice to offer as to its provisions. There is no question but one 
of the prime motives of the law was to introduce another aux- 
iliary force into the state university by making it the centre 
whence should radiate information concerning the natural fea- 
tures of the state, and toward which should gravitate all collec- 
tions of natural history that should otherwise be brought to light. 
It would furnish information, perhaps to the body of students 
through its of&cers, to the state at large, and to the country, 
through its reports; and in its museum would be seen the outward 
proofs of the resources of the state and the means for illustrat- 
ing the natural sciences as they should be taught in the univer* 
sity. The actual and minute study of the natural history of the 
state was, perhaps, a secondary motive, although this is specifi- 
cally required by the terms of the law. It is a comprehensive 
law, and was introduced into the state Senate by regent J. S. 
Pillsbury. Having passed both houses, it was approved by gov- 
ernor Horace Austin, March 1, 1872. It reads as follows: 

Law of the Minnesota survey. 

An act to provide for a geological and natural history survey of the state aud 

to entmst the same to the University of Minnesotiu 
Be it etMCted by the Legislature of the State of Minncfiota : 

SBCfTiON 1. It shall be the duty of the board of regents of the University 
of Minnesota to cause to be begun i\s soon an may be practicable, and to carry 
OD a thorough geological and natural history survey of the states. 

Sec. 2. The geologiciil survey shall be carried on with a view to a 
complete account of the mineral kingdom as represented in the state, including 
the number, order, dip and magnitude of the several geologiiral strata, their 
richness in ores, coals, clays, peats, Siilino^s and mineral waters, marls, cements, 
building stones and other useful materials, the value of said subst^uu-es fo 
economical purposes and their accessibility ; also an accurate chemicul analysis 
of the yarioos rocks, soils, ores, clays, peats, marls and other mineral sul)stances, 
of "which complete and exact records shall be made. 
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Sec. 3. The natural history snrvey shall inclnde, first, an examination 
of the vegetable prodnctions of the state, embracing all trees, shrabe, herbs and 
grasses native or naturalized in the state; second, a complete and scientific 
account of the animal kingdom as properly represented in the state, including 
all mammalia, fishes, reptiles, birds and insects. 

Sec. 4. The said surveys and examinations shall be made in the manner and 
order following: First, the geological surrey proper, together with the neces- 
sary and implied mineralogical investigations, all of which shall be undertaken 
as soon as may be practicable, and be carried forward with such expedition as 
may be consistent with economy and thoroughness; second, the botanical ex- 
aminations; third, the zoological investigations; nrovided, however, that when- 
ever the said board of regents may find it most economical to prosecute difierent 
portions of the surveys in conjunction, or that the public interest demands it, 
they may, in their discretion, depart from the above prescribed order. And in 
the employment of assistants, in the said surveys the board of regents shall at 
all times give the preference to the students and graduates of the University of 
Minnesota, provided the same be well qualified for the duties. 

Sec. 5. The said board of regents shall also cause to be collected and tabu- 
lated such meterological statistics as may be needed to account for the variety 
of climate in the various parts of the state; also to cause to be ascertained [by] 
barometrical observations or other appropriate means the relative elevations 
and depressions of the difierent parts of the state; and also on or before the 
completion of the said surveys, to cause to be compiled from such actual sur- 
veys and measurements as may be necessary, an accurate map of the state, 
which map when approved by the governor shall be the official map of the state. 

Sec. 6. It shall be the duty of said board of regents to cause proper speci- 
mens, skillfully prepared, secured and labeled, of all rocks, soils, ores, coals, 
fossils, cements, building stones, plants, woods, skins and skeletons of animals, 
birds, insects and fishes, and other mineral, vegetable and animal substances 
and organisms discovered or examined in the course of said surveys, to be 
preserved for public inspection, free of cost, in the University of Minnesota, in 
rooms convenient of access and properly warmed, lighted, ventilated and far- 
nished, and in chaise of a proper scientific curator ; and they shall also, when- 
ever the same may be practicable, cause duplicates in reasonable numbers and 
quantities of the above named specimens, to be collected and preserved for the 
purpose of exchanges with other state universities and scientific institutions, 
of which latter the Smithsonian Institution at Washington shall have the pref- 
erence. 

Sec. 7. The said board of regents shall cause a geological map of the state 
to be made, as soon as may be practicable, upon which, by colors and other 
appropriate means and devices, the various geological formations shall be rep- 
resented. 

Sec. 8. It shall be the duty of the said board of regents, through their 
president, to make, on or before the second Tuesday in December of each and 
every year, a report showing the progress of the said surveys, accompanied by 
such maps, drawings and specifications as may be necessary and proper to 
exemplify the same to the governor, who shall lay the same before the Legisla- 
ture ; and the said board of regents upon the completion of any separate portion 
of the said surveys, shall cause to be prepared a memoir or final report, which 



shall embody in a oonveuient maDner all nsefnl and important information 
aocnmalated in the coarse of the investigation of the particular department or 
portion, which report or memoir shall likewise be communicated through the 
gOYemor to the Legislature. 

Sec. 9. To carry out the provisions of this act the sum of one thousand dol- 
lars per annum is hereby appropriated, to be drawn and expended by the 
[said] board of regents of the University of Minnesota. 

Sec. 10. This act shall take effect and be in force from and after its ap- 
proval. 

Approved March 1, 1872. 

This is the organic law of the survey, and it is still in force in 
all itfi provisions. The Legislature, in some of its subsequent 
sessions, passed laws to facilitate the execution of this, or am- 
plifying some of its provisions, but in no respect has a single 
clause of this law been abrogated or restricted. 

Although the law was passed and approved on the first day of 
March, the regents took no action looking to its execution till 
July following, when the Writer was summoned to St. Paul from 
active field work in the State of Ohio to meet the board of 
regents then in session, and to assume the position of state geol- 
ogist under the law. Engagements in Ohio, however, would not 
permit the beginning of the season's work till September. 

A moment's examination of the law was sufficient to convince 
any geologist that the sum of money appropriated for the work 
was wholly inadequate to the purposes which the law contem- 
plated; and therein it is evident that the Legislature did not so 
much expect the law would effect a complete survey of the state 
as that it would pay, in a measure, the services of an officer at 
the university who should be made useful in any way that the 
regents could find it convenient to have him work, giving par- 
ticular attention to the natural sciences. The survey in this 
X>osition had not an enex)uraging outlook, and the appointment 
to its head implied that the man who accepted it would either 
fail ignominiously or must find some way to increase the revenues 
that were vital to its continuance and its success. It was in 
view of this that the first annual report closed with the follow- • 
ing recommendation: 

Recommendations con<:ermn{i the Salt Sprhiff lands. 

The law ander which the present survey is being prosecuted appropriates the 
samof one thousand dollars per annum. This is too small, for various reasons, 
the chief of which are: 
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First •— It will not pay for the services of a single employ^ on the sarvey capa- 
ble of working nnder the law. Hence, it well-nigh renders the law inoperatiye. 

Second — It does not command the respect and confidence of the citizens of 
the state and others, and serves as an ezcnse for refusing aid and co-operation. 
The survey shonld be independent of favors for which it now has to beg, some- 
times to be scomfnlly rebuffed. 

Third — In the survey of those i>ortions of the state inaccessible by public 
roads, or by railroads, it will be necessary to employ laborers, and incur other 
expense, for which the sum of one thousand dollars is not sufficient. 

Fourth — In order to conduct the surfey on one thousand dollars per annum, 
the state geologist must find some other employment a portion of the year. 

Fifth — The magnitude of the interests involved demands that ample means 
be allowed for doing the work of the survey thoroughly and without embarass- 
ment. 

These considerations ought to induce the legislature to increase the amount 
now appropriated to a sum sufficient at least to keep one man constantly em- 
ployed, and to pay all expense of field-work and chemical examinations. 

In connection with the subject of increasing the means provided for the 
geological survey, it is suggested that the state lands known as s€Ut lands may 
be so sold or appropriated, under the managcpient of the board of regents of 
the university, as to be available for that purpose. It would be in perfect con- 
sonance with the original design in the reservation of those lands from sale, if 
they were placed in the custody of the board of regents, conditioned on their 
use in the prosecution of the geological and natural history survey of the state. 

The law cannot be carried out without the purchase of chemicals and appa- 
ratus for the use of the chemical department of the survey, and without the 
purchase of instruments to be used in the prosecution of the field-work. It is 
too much to ask the state university, which now pays the services of the chem- 
ist of the survey, besides furnishing rooms for laboratory work, to provide for 
these expenses. There ought to be a special appropriation of several hundred 
dollars to make these purchases. The board of regents are referred to the 
accompanying statement of Prof D. P. Strange, chemist of the survey, for 
information on this subject. 

In the prosecution of the geological survey proper, after a general recon- 
noissance, with a view to the determination of the general trend of the forma- 
tions, and the identification of sufficient characters to decide their ages, it will 
be necessary to enter on the detailed examination of the state by counties. 
This more special investigation implies the careful delineation of the outlines 
of the formations, witli all their windings, as they are found in each county, 
together with a scientific account of the chemical and mineralogical characters 
of the ro<!ks found therein. In the progress of the survey the specific names of 
the fossils pertaining to the various formations will be asc-ertained, and in the 
end complete lists of these ancient faunas will be made out, to which will be 
added descriptions and figures to illustrate any new species that may be dis- 
covered. These investigations necessarily require much time and study, to 
say nothing of the labor of collecting and preserving the specimens. 

The question of the existence of brine in Minnesota, is one of the most 
important, in an economical sense, that can be presented for the investigation 



of the sarvey. It should not be hastily answered. Too mneh is involved to 
be vested on the result of a guess. Too much, also, is involved to be preju- 
diced by the failure of uugnided expenditures. The tests that may be made 
ought to be made in the fullest light of all the facts that science, with its 
generalizations, can throw upon them. It comes within the scope of geological 
investigation, and ought not to be hazarded in the hands of empirical novices. 
The salt springs said to occur in the state may have either of two origins. 
They may be the result of overflow of extensive salt basins, embraced in the 
rocky structure of the state, or they may be the result of superficial accumula- 
tions similar to the other saline and alkaline deposits that are scattered largely 
over the western plains. It is not intended now to give this question the dis- 
CQssion its importance demands at the hands of the survey. No investigation 
of the phenomena of the regions where these springs exist has b^en made. It 
is only intended to suggest the importance of correct scientific processes in the 
fature efforts for their development. 

It was fortunate for the survey that at this juncture the pub- 
lie had become convinced, pretty generally, that the legislative 
aid that had been sought by the Belle Plaine salt company, and 
had been granted by the donation of some of the Salt Spring 
lands of the state, even contrary to the recommendation of the 
geologist who had advised against it, was a scheme to make in- 
roads on the Salt Spring lands, more than for the bona fide 
exploitation of the brine springs that were said to exist at Belle 
Plaine. It was evident that unless some other use were made of 
this United States land-grant other enterprising communities, or 
mining companies, would discover salt water, or some other rea- 
sons for making inroads on this grant for aid in *' developing'' 
such suspected natural wealth. Indeed, the present writer was 
hardly known to have been appointed state geologist before he 
was requested to accompany the officers of the Belle Plaine salt 
company to some other part of the state in order to designate 
where the next deep well should be sunk for finding brine, at the 
expense of the Salt Spring lands. Several far-seeing public offi- 
cers, it seems, at about the same time, suggested that these lands 
should be saved for some better purpose. Among those who 
had thus conferred, and had concluded tliat these lands might be 
appropriated to the maintenance of the geological and natural 
history survey of the state, should be mentioned Hon. A. J. Edger- 
ton,* then state railroad commissioner, Hon. H. B. Wilson, super- 
intendent of public instruction, Hon. O. B. Whitcomb, state audi- 
tor, and Senator J. S. Pillsbury, one of the regents of the uni- 
versity. From none of these, however, did the suggestion first 
come to the writer, but from Mr. W. D. Hurlbut of Rochester, 

*SiDce United States Senator from Minnesota and Chief Justice of Dakota. 
2 
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and it was almost solely through his representations that the fol- 
lowing rough draft of a law was prepared by the state geologist, 
and forwarded to Hon. J. S. Pillsbury with a request that he 
would re-model it according to his judgment, and offer it in 
the state Senate the following winter. Mr. Pillsbury, however, 
turned it over to senator Edmund Eice of St. Paul, who intro- 
duced it verbatim as drafted, and it so passed both houses and 
was approved by the governor. 

TJie appropriation of the Salt Spriiig lands. 

Be it enacted by the Legislature of the State of Minnesota: 

Section 1. The state lands known as state salt lands, donated by the general 
government to aid in the development of the brines in the State of Minnesota, shall 
be transferred to the custody and control of the board of regents of the Uni- 
versity of Minnesota. By said board of regents these lands may be sold in such 
manner, or in such amounts, consistent with the laws of the State of Minne- 
sota, as they may see fit; the proceeds thereof being held in trust by them, and 
only disbursed in accordance with the law ordering a geological and natural 
history survey of the state. 

Sec. 2. It shall be the duty of the said board of regents, as soon as practica- 
ble, to cause a full and scientific investigation, and report on the salt springs of 
the state, with a view to the early development of such brine deposits as may 
exist within the state. 

ScE. 3. The board of regents of the university shall cause the immediate sur- 
vey and investigation of the peat deposits of the State of Minnesota, accom- 
panied by such tests and chemical examinations as may be necessary to show 
their economical value, and their usefulness for the purpose of common fuel; a 
full report thereon to be presented to the Legislature as soon as practicable. 

Sec. 4. The sum of two thousand dollars is hereby appropriated annually 
(in lieu of one thousand dollars) for the purpose of the geological and natural 
history survey until such time as the proceeds of the sales of the salt lands shall 
equal that amount, when such annual appropriation shall cease. 

Sec. 5. The sum of five hundred dollars is hereby appropriated for the pur- 
chase of apparatus and chemicals for the use of the geological and natural history 
survey, the same to be expended by the order of the board of regents of the 
University of Minnesota. 

Sec. 6. It shall be the duty of the board of regents of the University of 
Minnesota to cause duplicate geological specimens to be collected, and to fhr- 
nish to each of the Normal Schools suites of such specimens alter the university 
collection hivs be<:ome complete. 

Sec. 7. When the geological and natural history survey of the state shall 
have been completed, the final report on the same by the said board of regents 
shall give a full statement of the sales of the salt lands hereby given into the 
custody and control of the board of regents of the University of Minnesota, 
together with the amount of moneys received therefrom, and of the balance, if 
any, left in the hands of said board of regents. 

Sec. 8. This act shall take effect and be in force from and after its passage. 

Approved March 10, 1873. 
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It is reasonable to suppose that after the passage of this law 
all private schemes for the development of doabtful salt springs, 
and the redaction of the fund by misguided attempts at explo- 
ration would cease, but that was not the case. A bill was intro- 
daced in the House of Bepresentatives at the next session of the 
Legislature to grant the Belle Plaine salt company more land in 
aid of their enterprise, requiring the board of regents to give up 
to that company a certain amount of the salt spring lands for 
every one hundred feet deeper that company should sink their 
well at Belle Plaine, aggregating six sections of land in all. It 
was duly referred to the proper committee, but was nfiver reported 
for consideration by the House. 

Deficit in the Salt Spring lands. 

The Salt Spring lands originally granted the state aggregated 
46,080 acres. But by various losses and state grants, and by 
conflicts with other United States grants, the selections made by 
the state not having been duly certified and recovered from the 
available public domain, the amount that was found capable of 
being used for the survey was only 18,771 acres. The officers of 
the United States government solely were responsible for this 
deficit, since governor Sibley, the first governor of the state, had 
complied with the law and all the terms of the grant, in having 
them selected.* When this fact was represented to the state Leg- 
islature a memorial was passed, addressed to Congress, asking 
the privilege of making re-selections of land in the state of Min- 
nesota sufficient to make the entire grant good to the State; such 
permission was granted, and twenty-four sections were added to 
the available land-grant of the geological survey. These, how- 
ever, were not turned over to the regents for this purpose till the 
winter of 1885, when the Legislature passed the following: 

AN ACT to transfer to the castodj and control of the hoard of regents of the 
University of Minnesota the lands granted hy Congress to the State by an 
act entitled ^*An act granting lands to the State of Minnesota in lieu of 
certain lands heretofore granted to said State," approved March third (3d), 
one thousand eight handred and seventy-nine (1879) to authorize the said 
board to sell sach lands and dispose of the proceeds of sach sales. 
Whereas, The state lands known as state salt lands, v^ere by an act approved 
March tenth (10), one thousand eight hundred and seventy-three (1873), chap- 
ter one handred and thirty-three (133), general laws of one thousand eight 



^ Com^ue JUiteelianeous Publicatioru of the survey: Report on the Salt Spring lands due 
tbe8t«teof MloDeiotJt; a hiatory of all official transactionB relating to them, and a statement 
of their amount and location. N. IL Winchell, 1871. 
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hundred and seventy- three (1873), transferred to the custody and control of 
the board of regents of the University of Minnesota, to be by said regents sold, 
and the proceeds thereof held in tmst by them, and disbursed in accordance 
with the law ordering a geological and natural history survey of the State; and 
Whereas, It was found that certain parcels of such state lands had been 
otherwise disi>osed of by the United States to actual settlers upon such lands, 
for which indemnity lands have since been granted to the State by an act of 
Congress approved March third (3), oue thousand eight hundred and seventy- 
nine (1879); therefore 

Be H enacted by tJie Legislature of the State of Minnesota: 

Section 1. That the lauds granted by Congress to this State by an act 
entitled '^ An att granting lands to the State of Minnesota in lieu of certain 
lauds heretofore granted to said state," approved March third (3), one thous- 
and eight hundred and seventy-nine (1879), be and the same are hereby trans- 
ferred to the custody and control of the board of regents of the University of 
Minnesota, which lands the said board may sell in such amounts as they may 
deem most expedient and beneficial, the proceeds thereof being held in trust 
by them, and only disbursed in accordance with the law ordering a geological 
and natural history survey of the State, and the said board shall make report of 
their doings in the premises, as provided by law. 

Seo. 2. This attt shall take effect and be in force from and after its passage. 

Approved Feb. 24, 1885. 

Publication of the annual reports. 

The Legislature of 187G passed the following law relating to 
the printing of the annual reports of progress of the survey: 

AN ACT relating to the printing of the reports of the board of regents of the 
University of Minnesota on the progress of the geological and natural his- 
tory survey of the State. 

Be it enacted by the Legislature of the State of Minnesota: 

Section 1. One thousand copies of that portion of the annual report of 
the board of regents of the University of Minnesota which embraces the report 
of the state geologist ou the progress of the geological and natural history sur- 
vey of the State shall hereafter be paged and bound separately and shall 1)e sub- 
ject to the disposition of the sjiid board of regents. 

Sec. 2. Whenever in the progress of said survey a full and final report shall 
be made on the geology of any of the counties of the Stat^, five hundred extra 
copies of each county report so luade by the l)oard of regents shall be printed 
for the use of the counties so reported on; said copies being subject to the order 
of the county commissioners of said county. 

This act shall take efiect and be in force from and after its passage. 

Approved March 6, 1876. 

The annual reports are transmitted to the governor by the 
regents of the univ^crsity as a part of their report on the afl'airs 
of the university, and they are published as such; and the ex- 
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pense is provided for regularly by the printing commission who 
make estimates, in advance^ of the amount of money needed for 
all the public printing, reporting the same to the Legislature for 
appropriation for the current or coming year. Of these reports 
szteen have been published, one for each year since the survey 
b^an. 

Publications of the Geological and Natural History Survey of Min- 
nesota. 

The Fibst Annual Report on tue Geological and Natural History 
Survey of Minnesota, for the year 1872. 112 pp., 8 vo.; with a col- 
ored geological map of the State. By N. H. WinehcU. ContaiDs a list of 
earlier pablications relating to the geology and geography of Minnesota, 
and a sketch of the geology of the State as known in 1872. Second edition 
identical with the original, 1884. 

The Second Annual Report on the Geological and Natural History 
Survey of Minne^sota, for the year 1873. 145 pp., 8 vo.; with illas- 
trations. By N. H. Winchell and S. F. Peckham. 

The Third Annual Report on the Geological and Natural History 
Survey of Minnesota, for the year 1874. 42 pp., 8 vo.; with two 
connty maps. By A'. H. Winchell. 

The Fourth Annual Report on the Geological and Natural History 
Survey of Minnesota, for the year 1875. 162 pp., 8 vo.; with four 
county maps and a number of other illustrations. By N. H. Winchell^ 
assisted by M. W. Harrington, 

The Fifth Annual Report on the Geological and Natural His- 
tory Survey of Minnesota, for the year 1876. 248pp.,8vo.; four 
colored maps and several other illustrations. By N. H. WinvhcH^ with 
reports on Chemistry by S. F. Peckham^ Ornithology by P. L. HtUch, Ento- 
mology by Allen Whitmanj and on Fungi by A. E. Johnson, 

The Sixth Annual Report on the (iEOLooicAL and Natural His- 
tory Survey of Minnesota, for the year 1877. 226 pp. 8vo.; three 
geological maps and several other illustrations. By N. JL Winchdlf with 
reports on Chemical Analysis by S. F. Peckham, on Ornithology by P. L. 
Hatchy on Entomology by Allen Whitmanj and on Geology of Rice county 
by L. B. Sperry. 

The Seventh Annual Report on the Geological and Natural His- 
tory Survey of Minnesota, for the year 1878. 123 pp., 8vo.; with 
twenty one plates. By N. H, Winchell^ with a field report by C. W. Hallj 
Chemical Analyses by S. F. Peckham^ Ornithology by P. L, Hatch, a list of 
the plants of the north shore of lake Superior by B, Jiini, and an Appen- 
dix by C, L. Her rick on the Microscopic Entomoatnicii of Minnesota 
(twenty-one plates). 

The Eighth Annual Report on the GeolociIcal and Natural His- 

• TORY Survey of Minnesota, for the year 1879. 183 pp., 8vo. ; one 

plate (Castoroides). By N. H. Winchell, Containing a statement of the 

methods of Microscopic Lithology, a discussion of the Cu}>riferous Series 
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in Minnesota, and descriptions of new species of brachiopoda from the 
Trenton and Hudson River formations ; with reports on the Geology of 
Central and Western Minnesotc^ by Warren Upham; on the lake Superior 
region, by C W. HaU ; lists of Birds and of Plants from Lake Superior, by 
ThomoB S. Roberta; Chemical Analyses by 8. F, Peckham; report by P. L. 
Hatch ; and four Appendixes. 

The Ninth Annual Report on the Geological and Natural History 
Survey of Minnesota, for the year 1880. 392 pp., 8 vo.; three 
appendixes, two wood cut illustrations, and six plates. By N. H, WincheU. 
Containing field descriptions of 442 crystalline rock samples, and notes on 
their geological relations, from the northern part of the state; new brac^hio- 
poda; the water supply of the Red River Valley, and simple tests of the 
qualities of water; with reports on the Upper Mississippi region, by 0. E. 
Oarrison; on the Hydrology of Minnesota, by C. M. Terry; on the Glacial 
Drift and its Terminal Moraines, by Warren Upham; Chemical Analyses by 
J. A. Dodge; a list of the Birds of Minnesota, by P. L. Hatch; and of the 
Winter Birds, by Thomas 8. Boberts. 

The Tenth Annual Report on the Geological and Natural History 
Survey of Minnesota, for the year 1881. 254 pp., 8 vo.; with ten 
wood cut illustrations, and fifteen plates. By N. H. Winchell. Containing 
field descriptions of about 400 rock samples, and notes on their geological 
relation, continued from the last report; the Potsdam sandstone; typical thin 
sections of the rocks of the Cupriferous Series; and the deep well at the 
''C Washburn mill, Minneapolis; with Geological notes by J, H. Kloos; 
Chemical Analyses by t/. A, Dodge; and papers on the Crustacea of the fresh 
waters of Minnesota (eleven plates), by C. L. Herrick. 

The Eleventh Annual Report on the Geological and Natural His- 
tory Survey of Minnesota, for the year 1882. 219 pp., 8 vo.; with 
three wood cut illustrations and one plate. By N. H, WincheU. Contain- 
ing a report on the Mineralogy of Minnesota, and a note on the Age of the 
rocks of the Mesabi and Vermilion iron districts; with papers on the Crys- 
talline rocks of Minnesota, by A. 8treng and J. H. Klooa; on Rock outcrops 
in Central Minnesota, and on lake Agassiz, by Warren Upham ; on the Iron 
region of Northern Minnesota, by Albert H, Chester; Chemical Analyses by 
J, A. Dodge; and an Appendix containing Minnesota Laws relating to Mines 
and Mining, abstracted by C. L. Herrick. 

The Twelfth Annual Report on the Geological and Natural His- 
tory Survey of Minnesota, for the year 1884. Summary report, 
containing palieontological notes, and a paper on the comparative strength 
of Minnesota and New England granites, 26 pages, by N. H. WincheU; 
final report on the Crustacea of Minnesota included in the orders Cladocera 
and Copepoda. 192 pages and 30 plates, by C. L. Herrick^ and a catalogue 
of the fiora of Minnesota, 193 pages, with ore map showing the forest dis- 
tribution, by Warren Upham. 

The Thirteenth Annual Report on the Geological and Natural 
History Survey of Minnesota, for the year 1884. 196 pages. 
Geological reconnoisances, the Vermilion iron ores, the crystalline rocks 
of Minnesota, and of the Northwest, the Humbolt salt well in Kittson 
county, records of various deep wells in the State, fossils from the red 
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quartzyte at Pipestone, reports on the New Orleans Exposition and on the 
General Museum, by N. H, Winchell ; Geology of Minnehaha county, Da- 
kota, by Warren Upham; Chemical report by Prof. Jamea A. Dodge; Min- 
nesota geographical names derived from the Dakota language by Prof. A 
W. Williamson; insects injurious to the cabbage, by 0. W. Oeatlund; Geo- 
logical notes in Blue Earth county, by Prof A. F. BechdoU, and on a fossil 
elephant from Stockton by Prof. John Holzingcr; papers on the Cretaceous 
fossils in the boulder clays in the Northwest by Qewge M. Dawson, and by 
Wooilward and Thomas, and notes on the Mammals of Big Stone Lake and 
vicinity by C. L. Herrick. 

The Fourteenth Annual Repobt on the Geological and Natural 
History Survey of Minnesota, for the year 1885. 354 pp.; two 
plates of fossils and two wood cuts. Containing summary report, notes on 
some deep wells in Minnesota, descriptions of four new species of fos- 
sils, a supposed natural alloy of copper and silver from the north shore of 
lake Superior, and revision of the stratigraphy of the Cambrian in Minne- 
sota, with the following papers by assistants, viz.: List of the Aphididss 
of Minnesota, with descriptions of some new species, by 0. W. Oestlund; 
Report on the Lower Silurian Bryozoa, with prelimimiry descriptions of 
some new species, by E. 0. Uirich; Conchological notes by U. 8. Orant; 
Bibliogniphy of the Foraminifera, recent and fossil, by Anthony Woodward. 

The Fifteenth Annual Report on the Geological and Natural 
History Survey of Minnesota, for the year 1886. 493 pp., 8vo.; 
120 diagram illustrations and sketehes in the text, and two colored maps ; 
embracing reports on observations on the crystalline rocks in the north- 
eastern part of the state, by Alexander Winchell^ X. H. Winchell and H. V. 
Winchell; Chemical report by Prof J. A. Dodge; additional railroad eleva- 
tion, by N. H. Winchell; list of Minuesota geographical names derived 
from the Chippewa language, by Rev. J. A. GilfUlan, and notes on Illaeni, 
describing three new species, by Aug. F. Foerstv. 

The Sixteenth Annual Report on the Geological and Natural 
History Survey of Minnesota, for the year 1887. 504 pp.; two 
plates, one map and eighty-eight other illustrations. Contains observations 
in the area of the original Huronian by the state geologist and by Alexan- 
der Winchell; also on the Marquette, the Gogebic and the Penokee iron 
regions ; also reports on fhrther observations in the northeastern part of the 
State, by the same; also a report by Horace V. Winchell on the region of 
the Big Fork and Little Fork rivers, and Rainy lake ; also notes on the 
moUuscan &ana of the state by Uly S. Grant and John M. Holzinger. 
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The publication of the Final Report. 

The Legislature of 1885 also made provision for the pnbliei- 
tion of the final report of the survey by the enactment of thai- 
following general law. 

AN ACT relating to the publication of the report of the geological and nstonlj 
history 8ar\'ey of the State. 

Be it enacted by the Legislature of the State of Minnesota : 

SEcriON 1. The governor, the secretary of state and the state geologirti 
hereby created a commission for the printing and publicatioti of the leportiif I 
the regents of the university on the geological and natural histozy BUTejtf] 
the State. 

Sec. 2. It shall be their duty to supervise the printing v/i Jhe final reporiitf | 
said survey, and the engraving of the accompanying maps and illustratkmi, ii^ 
such style and manner as they shall determine and judge best calcnlatedti! 
exhibit to the people of the State, the natural resources of the State as reqoint ! 
by the law creating the geological and natural history survey. 

Sec. 3. They shall cause to be republished in the same manner the tiuri 
(3d), fourth (4th) and fifth (5th) reports of progress of said survey, at as «id| 
a date as practicable, in an edition of two thousand copies. 

Sec. 4. The volumes of the final report of said survey, aa they may be pM" 
pared by the state geologist from time to time, shall be issued in an edition of fiK 
thousand (5,000) copies each, and shall be distributed, in the name of tkB 
board of regents of the university, under the direction of the state geologiiti to 
scientific and educational institutions, and to individuals, as follows : To the 
library of each chartered college and s<>ientific institution in Minnesota, tbsM 
(3) copies each; to each normal s<>hool, three (3) copies; to the libraries of thi 
institute for the deaf and mute, the insane asylums, the state prison, and eveiy 
public library in the state not otherwise designated, one (1) copy each; to eH^ 
of the offices in the capitol, one (1 ) copy ; to each nienil)er of the board of regento, 
three (3) copies; to the library of the state university two hundred (200) cointf; 
to the Historical Society, and to the Minnesota academy of sciences, ten (10) 
copies each; to each newspaper publishi^ in the State, one (1) copy each; to eidi 
senator and representative of the present Legislature, one (1) copy; to the gOV" 
emor and lieutenant governor, each one (1) copy; to each assistant on thetaf' 
vey who has furnished manuscript or illustrations ]>ublished in the repoiti 
three (3) copies; to the general oflice of each railroad that has furnished aidtofb^ 
survey, three copies; to the library of cac^h hi;;h school, furnishing students fit* 
ted for the freshman cLiss of the state university, one (i) copy; to the stst* 
libniry of each sUite in the Union, on** (1) cojiy; to each state university and 
each college of agriculture and nuM-lianic arts, one (1) copy; to geologists SD^ 
naturalists of Minnesota, filly (50) copies; to the geologists and naturalists of 
other states, two hundre<l (200) copies; to otlier colleges and scientific instita- 
tions in the United StaU*,s, one hundred (100) copies; to foreign institutions and 
scientists, one hun<lred (loo) co]>ics; and t4> the state geologist, twenty-five (S5) 
C/Opies. The remaind*;r shall be deposited in the stale university, and shall h« 
sold at such prices as the board of regent** may determine, and the proceeds o* 
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qnaitzyte at Pipestone, reports on the New Orleans Exposition and on the 
Greneral Mosenm, by N. H. Winchellf' Geology of Minnehaha county, Da- 
kota, by Warren Upham; Chemical report by Prof, Jamea A. Dodge; Min- 
nesota geographical names derived from the Dakota language by Prof. A 
W. WUliam9on; insects injurious to the cabbage, by 0. W. Oestlund; Geo- 
logical notes in Blue Earth county, by Prof. A. F. BechdoH, and on a fossil 
elephant from Stockton by Prof. John Holzinger; papers on the Cretaceous 
fossils in the boulder clays in the Northwest by Qeorge M. Dawson, and by 
Woodward and Thomas, and notes on the Mammals of Big Stone Lake and 
vicinity by C. L. Herrick. 

The Foubteknth Annual Repoet on the Geological and Natural 
HisTOEY Survey op Minnesota, fob the year 1885. 354 pp.; two 
plates of fossils and two wood cuts. Containing summary report, notes on 
some deep wells in Minnesota, descriptions of four new species of fos- 
sils, a supposed natural alloy of copper and silver from the north shore of 
lake Superior, and revision of the stratigraphy of the Cambrian in Minne- 
sota, with the following papers by assistants, viz. : List of the Aphididss 
of Minnesota, with descriptions of some new species, by 0. W. Oestlund; 
Report on the Lower Silurian Bryozoa, with prelimimiry descriptions of 
some new species, by E, 0. Utrich; Conchological notes by U. 8. Grant; 
Bibliography of the Foraminifera, recent and fossil, by Anthony Woodward. 

The Fifteenth Annual Report on the Geological and Natubal 

HiSTOBY SUBYEY OF MINNESOTA, FOB THE YEAB 1886. 493 pp., 8vo. ; 

120 diagram illustrations and sketches in the text, and two colored maps ; 
embracing reports on observations on the crystalline rocks in the north- 
eastern part of the state, by Alexander WincheU, N. H. Winchell and H, V. 
Wtnchell; Chemical report by Prof. J. A. Dodge; additional railroad eleva- 
tion, by N. H. Winchell; list of Minnesota geographical names derived 
from the Chippewa language, by Rev. J. A. GilfUlan, and notes on Illaeni, 
describing three new species, by Aug. F. Foerste. 
The Sixteenth Annual Repobt on the Geological and Natubal 

HiSTOBY SUBVEY OF MINNESOTA, FOR THE YEAR 1887. 504 pp.; tWO 

plates, one map and eighty-eight other illustrations. Contains observations 
in the area of the original Huronian by the state geologist and by Alexan- 
der Winchell; also on the Marquette, the Gogebic and the Penokee iron 
regions ; also reports on further observations in the northeastern part of the 
State, by the same; also a report by Horace V. Winchell on the region of 
the Big Fork and Little Fork rivers, and Rainy lake ; also notes on the 
moUuscan &una of the state by Uly S. Grant and John M. Holzinger. 
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The publication of the Final Report. 

The Legislature of 1885 also made provision for the publica- 
tion of the final report of the survey by the enactment of the 
following general law. 

AN ACT relating to the pablicatlon of the report of the geological and natural 
history sarvey of the State. 

Be it enacted by the Legislature of the State of Minnesota : 

Sbction 1. The governor, the secretary of state and the state geologist are 
hereby created a commission for the printing and pnblicatioli of the reports of 
the regents of the university on the geological and natural history survey of 
the State. 

Sec. 2. It shall be their duty to supervise the printing v/i uhe final reports of 
said survey, and the engraving of the accompanying maps and illustrations, in 
such style and manner as they shall determine and judge best calculated to 
exhibit to the people of the State, the natural resources of the State as required 
by the law creating the geological and natural history survey. 

Sec. 3. They shall cause to be republished in the same manner the third 
(3d)« fourth (4th) and fifth (5th) reports of progress of said survey, at as early 
a date as practicable, in an edition of two thousand copies. 

Sec. 4. The volumes of the final report of said survey, as they may be pre- 
X>ared by the state geologist from time to time, shall be issued in an edition of five 
thousand (5,000) copies each, and shall be distributed, in the name of the 
board of regents of the university, under the direction of the state geologist, to 
scientific and educational institutions, and to individuals, as follows : To the 
library of each chartered college and scientific institution in Minnesota, three 
(3) copies each; to each normal school, three (3) copies; to the libraries of the 
institute for the deaf and mute, the insane asylums, the state prison, and every 
public library in the state not otherwise designated, one (1) copy each; to each 
of the offices in the capitol, one (1) copy; to each member of the board of regents, 
three (3) copies; to the library of the state university two hundred (200) copies; 
to the Historical Society, and to the Minnesota academy of sciences, ten (10) 
copies each; to each newspaper published in the State, one (1) copy each; to each 
senator and representative of the present Legislature, one (1) copy; to the gov- 
ernor and lieutenant governor, each one (1) copy; to each assistant on the sur- 
vey^ who has furnished manuscript or illustrations published in the report, 
three (3) copies; to the general office of each railroad that has furnished aid to the 
survey, three copies; to the library of each high school, furnishing students fit- 
ted for the freshman class of the state university, one (1) copy; to the state 
library of each state in the Union, one (1) copy; to each state university and 
each college of agriculture and mechanic arts, one (1) copy; to geologists and 
naturalists of Minnesota, fifty (50) copies; to the geologists and naturalists of 
other states, two hundred (200) copies; to other colleges and scientific institu- 
tions in the United States, one hundred (100) copies; to foreign institutions and 
scientists, one hundred (100) copies; and to the state geologist, twenty-five (25) 
copies. The remainder shall be deposited in the state university, and shall be 
sold at such prices as the board of regents may determine, and the proceeds of 
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flacb siilea shall be used by said regents for the parchase of apparatus and books 
for the survey, and after its completion, for the departments of natural science 
at the state university. 

Sec. 'y. The expense of printing, engraving, binding and distribution of said 
reports shall be paid out of any moneys not other wise'appropriated, in the 
state treasury, on warrants of the state auditor approved by the governor and 
secretary of state. 

Sec. 6. The commissioners hereby appointed shall perform the duties herein 
designated without further compensation than the payment of the actual ex- 
penses incurred in the discharge thereof. 

Sec. 7. This act shall take effect and be in force from and after its passage. 

Approved March 7, 1885. 

Before this Ip'^/^ok effect the first volume of the final report 
had been printed and the second was well under way of publica- 
tion. The final report is ordered by the same law that orders 
the annual reports, and every provision that can be construed 
for the publication of the latter is binding for the former. This 
view was held by the standing printing commission, and when 
the regents tendered Vol. I. of the final report the secretary of 
state gave orders for its publication as one of the documents of 
the state. Still, inasmuch as there might be a difference of 
opinion as to the binding obligation on the proper oflBicers to 
make provision for the final report, it was declared in the fore- 
going law that such volumes shall be isaued and shall be distributed 
and that the expense of printing, engraving, ami distribution shall be 
paid md of any moneys not otherwise appropriated in the state treas- 
ury. Thus the publication of the results of the survey is made a 
regulated function of the printing bureau of the state, and can 
no more be omitted, in the plans for publishing the documents 
of the state, without neglect of duty, than can any others of the 
state documents which by law are required to be presented to 
the governor. 

In accordance with this law the same Legislature appropriated 
twelve thousand dollars intended to cover the expense of pub- 
lishing volumes II. and III. of the final report. But, by a curious 
proviso such as sometimes creep into laws passed in the hur- 
ried manner of modern American legislation, this fund was re- 
quired to be expended by the regular commissioners of printing, 
and not by the special commission which was created for the 
publication of the final report. The appropriation was found to 
be but little more than suificient for publishing one of the volumes 
(Vol. II.), and that was issued in the fall of 1888. The final report 
of the survey, so £a.r as published, is described as follows: 

3 
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The Geology of Minnesota. Vol. I. of the Final Report. 1872-1882. 
xiv. and 697 pp., qaarto; illustrated by 43 plates and 52 ligures. By N. H. 
WinchelU assisted by Warren Upham. Containing an historical sketch of ex- 
plorations and surveys in Minnesota, the general physical features of the 
state, the building stones, and the Geoloj^y of Houston^ Winona, Fillmore^ 
Mower, Freeborn, Pipestone, Rock and Kice counties, by X. H. Winvhell ; 
the Geology of Olmsted, Dodge and Steele counties, by M. W, Han inf/ton ; 
and the Geology of Waseca, Blue Earth, Faribault, Watonwan, Martin, Cot- 
tonwood, Jackson, Murray, Nobles, Brown, Redwood, Yellow Medicine, 
Lyon, Lincoln, Big Stone, Lac (lui Parle and Le Sueur counties, by Warren 
Upham, Distributed gratuitously to all public libraries and county auditors' 
oflices in the state, to other state libraries and state universities, and to lead- 
ing geologists and scientific societies; the remainder are held for sale at the 
cost of publication, $3.50 per copy in cloth, or $5 in grained half roan bind- 
ing upon application to Prof. N. H. Winchell, Minneapolis. 

The Geology of Minnesota. Vol. IL of the Final Report. 1882-1885- 
XX iv. and 695 pp., quarto; illustrated by 42 plates and 32 figures. By N. H, 
Winchelij assisted by Warren Upham, containing chapters on the Geology of 
Wabasha, Goodhue, Dakota, Hennepin, Ramsey and Washington (X)uuties, 
by N. U. WincheJIy and on Carver, Scott, Sibley, Nicollet, McLeod, Renville, 
Swift, Chippewa, Kandiyohi, Meeker, Wright, Chisago, Isanti, Anoka, Ben- 
ton, Sherburne, Stearns, Douglas, Pope, Grant, Stevens, Wilkin, Traverse, 
Otter Tail, Wadena, Todd, Crow Wing, Morrison, Mille Lacs, Kanabec, Pine, 
Becker and Clay counties, by Warren Upham. Distributed according to law 
in the same manner as Vol. I. above. 

The Bulletins of th^ Survey. 

The Legislature of 1885 enacted the following law, requiring 
the state geologist to make actual explorations by drilling or 
digging, for the discovery of economic products, and providing 
for the publication of the reports of such discoveries, and of 
other scientific contributions: 

AN ACT to extend the work of the geological and natural history survey of 
the State. 

Be it vnacfed bi/ the LegiHlaturc of the State of Minnesota: 

Section 1. It shall be the duty of the state geologist, to make practical and 
actual tests by drilling or digging or other excavation in the earth, such as he 
shall deem beat suited to accomplish the puri)ose of this bill, for the discovery 
of any of the hidden mineral resoun-es of the state, such as iron, copper, silver, 
gold, coal, gas, coal-oil, common salt, or any other valuable material that he 
mav deem likely to exist in any of the rock strata of the state. 

Skc. 2. In determining the localities at which such testing and exploring 
shall be done he shall be guided by such geological facts as he may i»ossess or 
may obtain, which may indicate the existence of any of the substances which 
it is the purjK)se of this act to discover. He shall also be guided by the pro- 
portionate amount of money that the owner, or owners, of the land on which 
such exploration may be proiwsed, shall contribute to pay the cost of such 
exploration. 
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Sec. 3. It shall be the duty of the state geologist to report at once to the 
hoard of regents all discoveries, either of economic or scientiftc interest to the 
state, that may be made by snch testing and exploration. Sach report shall be 
published by the board of regents in the same manner as now provided for the 
publication of the annual reports of the geological and natural history sur\'ey 
of the state, and shall be paid for by the same ihnd; proddefJ, tliat any imjwr- 
tant mineral discoveries, or other scientific contributions to the geological and 
natural history survey, that the said state geologist may deem necessary for 
immediate publication, shall not be suppressed until the regular i*cport of the 
board of regents, but shall l>e issued from time to time under the direction 
of said state geologist. 

Sec. 4. That the sum of five thousand (5,000) dollars for the year A. D. one 
thousiind eight hundred and eighty-seven (1887) and the sum of five thousand 
(5,000) dollars for the year A. D. one tiiousand eight hundred and eighty-eight 
(1888) is hereby appropriated out of any moneys not otherwise appropriated for 
the purpose of defraying the expense of said tests. The investigations provided 
for in this act shall not be conducted in the interest of any mining company or 
corporation. 

Sec. 5. This act shall take etfect and be in force from and after ita passage. 

Approved March 8th, 1887. 

lu accordance with this law it was deemed best to establish a 
series of minor i>ublications or *' bulletins," which might be 
issued from time to time, at longer or shorter intervals, and the 
following have appeared: 

BULLETINS. 

No. 1. History of Geological Surveys in Minnesota. By X. H. Winchiil. 
No. 2. Preliminary Description of the Peridotytes, Gabbros, Diabases and 
Andesytes of Minnesota. i>y J/. E. Wadsicorlh, 
No. 3. Report of work done in ik>tiny in the year 1j^6. By J. C. Arthur, 
No. 4. A Synopsis of the Aphidida; of Minnesota. By 0. IF. Oestland. 
No. 5. Natural Gas in Minnesota. By N. If. W'inchcU. 

MiHCcllaneoHS imhUcation^s. 

These embrace some circulars and annonncements that wore 
designed in the earlier years of t lie survey, to bring to the public 
attention some of the plans and needs of the survey, in which the 
co-operation and assistance of interested individuals were neces- 
sary. Most of them contain nothing of scientific value, and but 
small editions were printed. They are the following: 

1. CiRCULAB No. 1. A copy of the law ordering the survey, and a note ask- 
ing the co-openition of citizens and others. \ST2, 

2. Peat for Domestic Fuel. 1874. Kdited by S. F. Peckluim. 

3. Report on the Salt Spring Lands due the State of Minnesota. A 
history of all official transactions relating to tiieni, and a statement of their 
amount and location. 1874. By *V. H, M'incheil. 
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4. A Catalogue of the Plants of Minnesota; prepared in 1865 by Dr. L 
A, Lapham, oontribnted to the Geological and Nataral Histoiy Survey of 
Minnesota, and pnblished by the State Horticnltnral Society in 1875. 

5. CiBCULAR No. 2. Relating to botany, and giving general directions for 
collecting information on the flora of the State. 1876. 

6. Circular No. 3. The establishment and organization of the Mnsenm. 
1877. 

7. Circular No. 4. Relating to duplicates in the Mnsenm and exchanges* 
1878. 

8. The Building Stones, Clats, Limes, Cements, Roofing, Flagging 
AND Paving Stones of Minnesota. A special report by N. H, WincMl. 
1880. 

9. Circular No. 5. To Builders and Qnarrymen. Relating to the collec- 
tion of two-inch cubes of building stones for physical tests of strength, and 
for chemical examination, and samples of clay and brick for the general 
museum. 1880. 

10. Circular No. 6. To owners of mills and unimproved water-powers. 
Relating to the Hydrology and water-powers of Minnesota. 1880. 

The cost of these pablications cannot be stated definitely. They 
have all been printed by the state contractor for public printing 
at the rates ruling for * Sprinting of the third class," which is 
let to the lowest bidder by the standing printing commission 
consistiDg of the secretary of state, the state auditor, and the 
state treasurer. The price varies from year to year. The en- 
graving is estimated and contracted for separately as required. 
The edition of the annual reports and the bulletins is 2,400 copies 
and of the final report 5,000 copies. The former are distributed 
gratuitously, and the latter are sold at $3.50 and $5.00 per volume 
according to style of binding and quality of paper, thotighof the 
latter a generous free distribution is made to libraries and scien- 
tists. 

Miiseum and Library. 

The General Museum of the university is the outgrowth of the 
survey. It is stored in the university buildiogs. Its equipment 
aa well as maintenance is wholly derived from the survey fund. 
It is a means of instruction to the students in natural science 
and of enlightenment and pleiisure to all visitors. The last 
report (17th) gave the entries in the geological and mineralogical 
department 6827, and in the zoological 1633, embracing several 
times as many specimens. In archceology the entries number 
198. Besides these, several valuable collections have been 
deposited by their owners for temporary exhibition and safe- 
keeping. The rooms are well-warmed and furnished with secure 
cases for all specimens. 
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The library of the survey contains perhaps one thousand 
books and pamphlets, obtained by exchange and by purchase. 
It is stored in the office of the state geologist at the university 
and is used only by the officers of the survey or by students speci- 
ally interested. It is not a public library and has no regulations 

for its use. 

Cost of the Survey proper. 

When the survey began it had an annual appropriation of 
one thousand dollars. This was increased to two thousand at 
the first meeting of the Legislature, and five hundred dollars 
were also appropriated for chemical apparatus for the survey. 
The cash appropriation of two thousand dollars per year was 
to continue till the revenue from the Salt Spring lands 
amounted to that sum and was discontinued in 1879. The 
Salt Spring lands, aggregating, with the deficit afterward 
secured from Congress, the sum of 38,643 acres, which could 
not, in accordance with the terms of existing law, be sold for 
less than five dollars per acre, were placed in the hands of 
the regents by the same Legislature to carry on the survey. 
This gave at once a prospective aggregate net sum of 8193,215 
with which the survey should bo carried on in its various 
branches. 

The reports of the treasurer of the university have been 
consulted for facts respecting the receipts and expenditures 
of the regents for the survey, and they show the following 
results. This record is complete to July 31, 1888, the date of 
the last fiscal statement of the univei'sity : 

Sums reported received by the university treasurer for the ijeologi- 

cal survey. 

Oct. 2,1872. Cash from the state treasurer §?1,000.00 

June 16, 1873. ** '* " 2,500.00 

Aug. 13, 1874. '* " " 2,000.00 

June 5,1875. '* *' '' 2,000.00 

June (?), 1876. '* '* " 2,000.00 

July 1877. '• *• '* 2,000.00 

Apr. 5,1878. " ** " 1,000.00 

June 26, 1878. ** *' " 1.000.00 

Oct. 30,1878. Cash sale of Salt Spring land (bahmoe) 2.893.64 

Dec. 1879. ** from state treasurer 2.000.00 

Feb. 5, 1880. ** sales of Salt Spring land 3,110.44 

Apr. 24, 1880. " '* •* 957.92 

Apr. 24, 1880. ** " " 390.00 

July 2,1880. ** " '* 941.23 

Aug. 5, 1880. ** ** '* 67.40 
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Aug. 7, 1880. Cash sales of Salt Spring land 17.73 

Dec. 10,1880. '• *' *» 1,13H.17 

Dec. 10, 1880. " •' " 170.00 

Jan. 26, 1881. ** " " 18.84 

June 28, 1881. ** " *• 941.23 

July 13, 1881. " ** '* 146.48 

July 25,1881. ** *' " 17.73 

Oct. 29, 1881. " '* *' 1,009.36 

Nov. 10, 1881. ** ** " 25.16 

Jan. 16, 1882. " " " 25.00 

May 26, 1882. " " *' 598.45 

June 20, 1882. •* ** •• 693.90 

June 24, 1882. " '" " 152. !« 

June 24, 1H82. " " *' 152. :« 

June 24, 1882. " *' " 152.32 

June 24, 1882. ** " " 151.13 

June 24, 1882. '* " *' 2a'>.60 

June 24, 1882. ** " " 47.60 

July 1, 1882. '• •* '' 1,083.58 

July 6, 1882. ** *' " 539.70 

July 21,1882. ** ** ** 951.21 

Aug. 4,1882. *' *• •' 775.19 

" " 919.21 

11.90 

975.00 
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'' *' 1,238.15 

*' ** *' 116.40 
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Apr. 22, 

June 16, 

June 2:), 

Jnne 30, 

Jnly 6, 

July 8. 

Sept. 3, 

Sept 23, 

Oct. 24, 
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116.90 

546.00 

288.70 

212.50 
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758.71 

467.50 

71.04 

81.85 

787.40 

121.00 

421.44 

1,372.41 

217.50 

780.50 

84.00 

39.90 

71.62 

244.92 

494.50 

56.41 

187.20 

1,537.09 

68.20 

104.80 

25.20 
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56.40 

152.40 

71.46 

476.00 
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23.28 
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45.00 

640.00 

172.50 

19.33 

25.35 

1.00 

139.20 

7.00 

71.69 

476.00 

75.38 

71.46 

200.00 

56.40 



Total receipts for the survey to July 31, 1888 $61,605.07 
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Of this sum $15,000 were received from the state treasurer a» 
proceeds from the laws of 1872 and 1873, making direct cash 
appropriation for its support, and the rest, or $46,105.07, has 
been derived from the sales of the Salt Spring lands. 

The expenses of the survey, including the General Museum as 
reported by the regents through the university treasurer, from 
1872 to July 31, 1888, amount to $81,061.89, making, for seven- 
teen years, an annual expense of $4,768.34, and showing the 
Salt Spring fund indebted to the university $19,456.82. 

In the treasurer's account with the survey fund, however, are 
numerous items charged which were incurred for the department 
of instruction in the univereity, which was for some years in the 
charge of the state geologist, which expenses can only by the 
broadest construction of the law of the survey, be considered as 
promoting the work of the survey. These aggregate the sum of 
$12,510.80, and would reduce the total cost of the survey proper 
and the General Museum to $68,551.09, and to an annual cost of 
$4,032.41. 

But, per contra, the survey has reaped substantial benefits from 
its association with the university. It has office and storage 
rooms, and laboratories in the university buildings free of rent, 
and access to libraries and apparatus that to gather together, or 
to consult elsewhere, would be at great expense. 

The geological and natural history survey is one of the impor- 
tant wards of the university, and is constantly demonstrating the 
wisdom of the law that made it one of its functions to conduct it. 
The mutual benefits that spring from this relationship need not 
be dwelt upon here. 

Admhiistration, 

The regents manage the sales of the Salt Spring lands. In this 
they are limited in their judgment only by the state law that 
requires that no state land shall be sold for less than five dollars 
per acre. 

The administration of the survey proper has been almost wholly 
in the hands of the state geologist. He lays such plans as he 
chooses, governed by his own appreciation of the financial, eco- 
nomic, scientific and educational circumstances that may be influ- 
enced by them. These plans have almost always been submitted 
to the regents, or to their executive committee, prior to their 
execution, for their formal approval. In some instances, certain 
public or wide-spread want for information, expressed in eorre- 
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spondence, or in the public press, saeh as the demand for infor- 
mation concerning the grasshopper-plague and the ways and 
means for alleviating the evil, the call for peat-fuel on the wood- 
less prairies, the ravages of insects injurious to horticulture, the 
general belief in the existence of coal in the state or of mineral 
wealth in the northern part of the state, the demand for authori- 
tative statements founded on scientific data, touching the nature 
and extent of our forests, or the quality of our soils, or the water 
used for domestic purposes, or the probability of brine for the 
manufacture of salt, or the existence of the necessary conditions 
for artesian water or burning-gas, or the quality of our native 
building stones, — these have all been elements that have influ- 
enced the plans formed from year to year. While answering 
these purposes as nearly as possible, the survey has been ren- 
dered useful to numerous individuals by private correspondence, 
preventing the useless expense of ill-guided exploration in many 
instances, and directly influential in promoting economic indus- 
try by advising expenditures where a reasonable expectation 
existed of remunerative results. Individual instances need not 
be mentioned. 

This economic side of the survey has been kept in mind con- 
stantly, though it has not been made conspicuous. This was 
politic as well as just. The annual reports embody common 
patent facts, and description cast in a semi-scientific mould. 
They are addressed primarily to a home constituency, in order 
to show them the utility of the work of the survey. As the 
survey becomes grounded in the good will of our own citizens it 
is strengthened for doing more advanced work, and at the same 
time finds a constituency that is ready to welcome more strictly 
scientific publications. It is highly probable that if such a 
moderate course had not been pursued, the Legislature, instead 
of always manifesting a good will and determination to have the 
work well sustained, would have refused the financial aid that 
has been asked of it, and the work might have had the short- 
lived existence that has been the fate of so many other state 
surveys. 

4 
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Personnel of the survey, 

N. H. Winchell, state geologist 1872 

Warren Upham, assistant geologist 1879-1885 

C. W. Hall, assistant geologist 1878-1880 

C. M. Terry, laboratory assistant 1879-1881 

O. £. Garrison Occasional field assistant 

P. L. Hatch, ornithologist 1876 

C. L. Herrick, zoological collector and laboratory assistant in charge 

of Mammals 1876-1885 

L. B. Sperry, geological assistant 1877 

P. B. Rose, chemist 1873 

S. F. Peckham, chemist 1873-1880 

Jas. A. Dodge, chemist 1881 

M. W. Harrington, assistant geologist 1875 

Allen Whitman, entomologist «1876-1878 

Benj. Jnni, Botanical and field assistant 1878 

P. P. Furber, field assistant 1873 

C. E. Chatfleld, field assistant 1873 

W. £. Leonard, botanical and field assistant 1875 

Horace V. Winchell, field geologist and laboratory assistant 1881, 1885 

Albert H. Chester, report on the iron region 1882 

IiCO Lesqnereux, pala^obotanist 1883,1886 

O. W. Oestland, entomologist and laboratory assistant 1885 

U. S. Grant, conchology and field geologist 1885-1888 

J. C. Arthur, l>otanist 1885-1888 

K. O. Ulrich, bryozoans 1885 

F. L. Washburn, assistant in ornithology 1885 

b' W^Tli^m^s } Foraminifera of the Cretaceous 1886-1889 

Frank X. Stacy, field assistant 1886-1887 

A. W. Jones, field assistant 1886 

Alexander Winchell, assistant geologist 1886-1887 

A. D. Meeds, field assistant 1888 

M. E. Wadsworth, assistant geologist 1886 

L. W. Bailey, Jr., botany 1886 

E. W. D. Holway, botany 1886 

W. F. Trussell, field assistant 1887 

H. W. Fairbanks, field assistant 1887 

S. W. Ford, draughtsman 1887 

W. D. Willard, field assistant 1888 
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The selection of these men has been made by the state geolo- 
gist, but their appointment has always been passed on by the 
regents or by their executive committee. The only guide in 
making the selections, aside from availability and fitness for the 
work, has been the clause in the general law requiring the em- 
ployment of students and graduates of the University of Minne- 
sota when such can be found qualified for the work, and a gen- 
eral enactment of the regents to the effect that the professor of 
chemistry at the university is, by virtue of his position, to be 
the chemist of the survey. 

These men have not been continuously employed, even for the 
time expressed above, except in the case of the state geologist, 
Warren Upham, C. M. Terry, and O. W. Oestlund, but they have 
been engaged during the season of field-work or to perform some 
specific work for which they had such compensation as the ser- 
vice demanded. 

The salary of the state geologist is $2,400. 

The salary of Warren Upham was $1,200. 

The salary of C. M. Terry was $1,200. 

The salary of O. W. Oestlund is $900. 

The salary of C. L. Herrick was from $600 to $1,200. 

The chemist is paid a per centum of schedule prices for work 
he does for the survey. Dr. P. L. Hatch, the ornithologist, is 
working for the survey from pure love of birds, and asked only 
the payment of his field and traveling expenses. Other em- 
ployes have been paid by the month from fifty to two hundred 
dollars, or by the job. 

Co-operation of Vie U, 8. Coast and Geodetic Survey. 

Congress some years ago authorized the United States Coast 
and Geodetic survey to co operate with the state geologie4il sur- 
veys in the triangulation and correct mapping of those states in 
which the State Legislatures may have provided for such geological 
and topographical surveys. Several of the States having thus 
been aided by the Coast and Geodetic survey, the attention of 
Gov. L. F. Hubbard was called to the matter by the writer in a 
letter dated March 19, 1884, asking him to make, or authorize 
to be made, a formal application to the superintendent of the 
Coast survey for similar aid to the Minnesota survey. Such a 
requt'St was forwarded to the superintendent, and, on the ap- 
propriation by Congress of a small sum specifically for the pur- 
pose, a system of triangulation was begun at the university 
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under the direction of major C. O. Boutelle. This has been con- 
tinued by Prof. W. E. Hoag, and has resulted in the accurate 
establishment of many prominent objects in the topography, re- 
ferred to a base line situated between Minneapolis and St. Paul. 
In general the present design is to make connection at La Crosse, 
with the earlier triangulation carried on by the Coast survey 
across the state of Wisconsin. By means of this triangulation 
Prof. Hoag made an accurate measurement of the gorge of the 
Mississippi river between Fort Snelling and the brink of the 
Falls of St. Anthony, and prepared a map of the gorge itself^ 
By employing the determination of latitude and longitude of the 
smaller cupola of the university by the Lake survey, under 
Cren. C. B. Comstock* in 1873, the latitude and longitude of any 
point covered by the triangulation can be computed. 

The result of this triangulation will be felt in the future more 
appreciatively than at the present time. It necessarily goes 
slowly, in consequence of the exactness demanded by the nature 
of the work. It will be for the State to supplement this triangu- 
lation with topographic work suitable for the construction of out- 
line and contour or other topographic maps. This is what the 
geological survey will have to do by and by. Strictly, a topo- 
graphic map should precede the geological. But in the case of 
Minnesota much of the state had been mapped geologically be- 
fore the commencement of careful topographic mapping. This 
is less to be regretted in a state like Minnesota, where a large 
portion of the area is nearly flat, and where already the United 
States township survey had preceded and had furnished a series 
of maps that are tolerably correct. It could not be avoided, 
however, since the 'geological survey could not wait for the un- 
certain action of Congress, on a question which had not then 
been brought to its attention. Whatever errors there may be 
found in the future in the published geological maps of the sur- 
vey can be corrected readily by reference to the topographic 
map of the state by counties, that is to be, based on the trian- 
gulation by the United States Coast and Geodetic survey. Two 
of the eastern States (Massachusetts and New Jersey) are actively 
engaged in this final topographic mapping, that of New Jersey 
being nearly complete. 

• S«c the fourth annual rciwrt, p. 5. 
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Benefits resulting from the survey. 

Of these it were more appropriate that some one else shoald 
write. If no mention be made here of the invisible benefits that 
result to the state, and particularly to the university by the prose- 
cution of this survey, it will perhaps be proper to enumerate 
8ome of the tangible beneficial results that have accrued to the 
people of the state directly through the agency of the survey. 

1. Beginning with the commencement of the survey the first 
that should be mentioned is the fact that the professorship of geol- 
(^ and mineralogy in the univei*sity, with the added work of 
iDstruction in botany and zoology, was maintained six years 
solely at the expense of the survey fund. This also includes 
much of the equipment, cases, maps and apparatus of that depart • 
ment. The same fund has also placed several hundred dollars 
worth of books in the general library of the university. 

2. The Salt Spring lands of the state were saved from being 
gradually devoured by such enterprises as that of the Belle Plaine 
Salt company, and were appropriated, through the direct inter- 
position of the survey at a critical juncture, to the prosecution of 
this far reaching public enterprise. ^ 

3. On the discovery, after a laborious investigation of the 
official records, of the fact that the State was still entitled to a 
large additional amount of land under the original grant, the 
initial efforts of the state geologist were successful in obtaining 
from the United States, about fifteen thousand acres of indemnity 
lands which have since been devoted by the Legislature to the 
support of the survey. 

4. The General Museum of the University is one of the tangi- 
ble beneficial results of the survey. 

5. There was a wide-spread belief among the citizens in the 
southern part of the state, prevalent when the survey began, that 
workable coal of the age of that found in Iowa could be discov- 
ered by making the proper exploration, and individuals had 
incurred considerable expense in looking for it. One of the first 
efforts of the survey was to settle this question; and the pub- 
lished result of such investigation went far toward stopping fur- 
ther useless expenditure of money. 

6. The agitation of this subject by unscrupulous prospectors and 
well-drillers culminated in a proposed law, which was introduced 
in the Legislature of 1883 (f) offering a reward of twenty thous- 
and dollars for the discovery, in the state, of ''coal" in work- 
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able quantities. This law was so drawn that it did not discrimi- 
nate Jis to the age or the quality of the coal to be discovered, and 
any one familiar with the Cretaceous lignites of the state, could 
have made a legitimate demand for the reward within sixty days 
after the adjournment of the Legislature. Through the agency 
and advice of the state geologist this law was advei-sely reported 
by the committee having it in charge. It is only on the principle 
of *• a penny saved is two pence gained'' that this can be claimed 
as one of the tangible elfects of the survey. 

7. A similar law ordering the appointment of a *^ commis- 
sioner of peat,'' at a salary of two thousand dollars per year, 
was also defeated in the State Legislature, largely through the 
inlluence of the survey in 1874. 

8. A law ordering the donation of further subsidy to the Belle 
Plaine salt company, and another for the investigation of the 
grasshopper-plague, and another appointing a state mineralogist 
with special reference to supposed great wealth of the state in 
gold and silver, each looking to the unguided expenditure of the 
revenues of the state, were severally proposed in the State Legis. 
lature, and were either rejected or shown to be unnecessary by 
the existence and the agency of the survey. 

9. In the prosecution of the regular work of the survey gen- 
eral attention has been called to the economic resources of the 
state. The survey has been directly instrumental either in 
investigating in the fii*st instance, or in guiding by counsel 
when once begun, nearly all the industries of the state that arise 
from the rocky substructure. This has been done officially and 
by private correspondence. The native building-stones, especi- 
ally, have been compared with those from other states, and some 
of their excellencies have been brought out prominently, result- 
ing in a great increase of the use of stone native to Minnesota. 

10. In 1877 an examination was made of the water used for 
domestic purposes in the western part of the state. It luul been 
discovered that very many of the common wells were foul, and 
that serious diseases that frequently terminated fatally were 
traceable to the use of the water in this condition. So general 
and wide-spread was this difficulty that serious alarm was felt 
by parties >\iio wen? largely interested in the settlement and 
habitability of the prairies, particularly in the valley of the Eed 
river of the North, lest the growing evil should render the coun- 
try unfit for general agricultural occupancy. But the examina- 
tion showed that the evil was due, not to any unhealthfulness 
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inherent in the water but to the general habit of using white 
pine planks for curbing in the wells. In the ox>en air, the water 
of the prairies, which is naturally somewhat alkaline, confined 
in the impervious clay-reservoii-s, such as nearly every well was, 
will act rapidly on any organic matter that conies in contact 
with it. The pitch of the pine was thus converted into organic 
acids, giving off sulphuretted hydrogen. Infusorial organic 
germs took up their abode in the foul waters, and the natural 
result of the use of such water inevitably followed. It was at 
once recommended that the use of wooden curbing be abandoned 
and that in its pla<je some earthen, stone, brick or iron substance 
be used. This recommendation wjus widely published, both in 
Minnesota, and in the newspapers of Manitoba. 

The consequence wius a rapid decline of the evil. Many wells 
which had been abandoned were re-curbed with other materials. 
It was very soon known that pine well-curbing generated disease, 
and in a year or so nothing more, or very little, was heard 
further concerning the supposed foul waters of the western 
prairie portion of the sUite. The correction of this evil, and the 
removal of the supprcsstjd alarm that was felt by some capital- 
ists and by the health officers of the state, may be considered one 
of the most important visible benefits that have resulted from 
the survey. 

11. At the same time the survey called attention to the possi- 
bility of obtaining artesian water at a moderate d<^plh in the 
drift deposits over a wide tract of country in thii northwestern 
part of the state, a circumstance that hjis latterly been widely 
improved with the most satisfactory results. 

While these nuiterial benefits can easily be enumerated, those 
that are invisible cannot so readily be pointed out. Some good 
must result from a ditVusion of knowledge concerning the pliysi- 
ogiiiphical features of the state, and from tin* publication of 
accurate statements concerning its natural, undi^veloped re- 
sources. There must l>e some b<Miefit to the staliMn having its 
geology and natural history known. The scienliilc fa<;ts that 
are ascertained help to swell the data on which important con- 
clusions an». biused, and to point out needed corrections in others 
that may have been published. 

Scientljic results of the A^urrri/, 

The additions to science that have sprung from the survey can- 
not be exactly enumerated. They are the common property of 
educators and scientists who may wish to niaki* use of them. 
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Many facts have been published, the valae of which cannot now 
be estimated, but they will go with other ikcts, some now known, 
and others to be learned, in Minnesota or elsewhere, toconstrnct, 
by and by, general principles of interpretation of nature by 
which man becomes better and better acquainted with the laws 
and the circumstances that environ him, and with the great his- 
tory of which he forms a part. Not in all cases have the conclu- 
sions, to which the published facts point, been stated, nor indeed 
have they been known. The principles deducible from a body 
of facts have to be the last fruits of an investigation, and in the 
case of a geological survey, while the indicated results may be 
foreshadowed by an examination of such incomplete data as the 
survey may afford from time to time, the final conclusions can be 
given only after the search for facts has been finished. Some 
such partial results have been published in the annual reports, 
and some important general truths have been announced in the 
final volumes (Vols. I. and 11.) that have been issued. 

In order, however, to indicate more definitely some of the 
scientific results of the work of the survey as they appear at pres- 
ent, the following enumeration is given, with references to the 
pages of the various reports in which the publication was made. 

IN GEOLOGY. 

1. Origin of kames, or "hogsbacks,'' supposed to be due to 
streams running on the ice and in gorges in the ice at the time 
of the glacial epoch, First Eeport, p. 62. This was first sug- 
gested in a report on Delaware county, Ohio [Geology of Ohio, 
Vol. II., p. 305] and a little later by N. O. Holtz, of the Geol. Sur. 
of Sweden [Geol. Foren. i Stockholm t'orh. Band III., No. 3] and 
Warren Upham. [Geol. N. H., Vol. III., pp. 13 and U.] 

2. Origin of river-gravels and of ^'glacial lakes" on the open 
upland, and drift-covered prairies. First Eeport, p. 62. 

3. Former existence of a lake of fresh water over the Eed 
Eiver valley, in northwestern part of the state. First Eeport, p. 
63; Sixth, p. 31; named Uike Agassiz^ Eighth Eeport, p. 84; its 
approximate extent, Tenth Eeport, pp. 5, 141. [This lake was 
first suggested by D. D. Owen.*] 



* Geology of Wisconsin, Iowa and Minnesota, p. 175, h seq. The suggestion of Owen was en- 
larged on by Henry Yule UiBd, who added some definite data. Reports of progress; together with 
a preliminary and general report on the Asslniboine and Saskatchawan Exploring Expedition, 
made under instructions from the provinoial secretary, Canada, by Henry Yule Hind. Presented 
to both Houses of Parliament by Her Majesty's command, August, 1860. London, 1860, pp. 178- 
181. Also, Narrative of the Canadian Red Rivtr Expedition of 1867, and of the Assiniboine and 
SMkatchawan Expedition of 1858. Two Yola., 1860, VoL, IL, p. 280 «< teq. 
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4. Suggestion of two glacial epochs in Minnesota. First lie- 
port, p. 61; Third, p. 185; Fourth, p. 62; Fifth, p. 36. [See also 
Geology of Ohio, Vol II., pp. 266-67, 303, 330.] 

5. Separation of' the Potsdam sandstone from the St. Croix 
sandstone. First Eeport, p. 68; Fifth, p. 29; Tenth, p. 123. 

6. Probable non-existence of the Carboniferous rocks in Min- 
nesota. Second Eeport, p. 76. 

7. Separation of the *^ Lower Magnesian" into its two parts 
and the establishment of the sandstone member between them. 
The Jordan sandstone named, Second Report, p. 138 ; The St. 
Lawrence limestone named. Second Eeport, p. 152; defined, 
Fourth, p 32 ; Eighth, p. 103. The Shakopee limestone named. 
Second Eeport, p. 138 ; defined. Fourteenth, p. 325. 

8. The decayed condition of the granites underneath the Cre- 
taceous, in the Minnesota valley. Second Eeport, p. 163. 

9. Establishment of latitude and longitude at various points 
in Minnesota through the aid of the U. S. Lake Survey. Fourth 
Beport, p. 384. 

10. The Cretaceous unconformable over the Cambrian at 
Mankato. Second Eeport, p. 178. 

11. First fossils in the St. Peter sandstone. Fourth Eeport, 
p. 4L 

12. Cause of the driftlcss area. Fifth Eeport, p. 36. 

13. Approximate establishment of the date of the second, or 
last, glacial epoch, by the recession of the falls of St. Anthony. 
Fifth Eeport, p. 156; Final Eeport, Vol. IL, p. 313. 

14. The slates at Northern Pacific Junction the same forma- 
tion as those at Little Falls. Sixth Eeport, p. 49. 

15. Probable palaeolithic man at Little Falls. Sixth Eeport, 
p. 53. 

16. Definition of *'Mesabi iron range" in Minnesota. Seventh 
Report, p. 21; Eleventh, p. 155; Thirteenth, pp. 24, 37. 

17. Ten new species of fossils. Eighth Eeport, p. 60. 

18. Three new species of fossils. Ninth Eeport, p. 115. 

19. Position and extent of glacial moraines in Minnesota. 
Eighth Eeport, p. 72 ; Ninth, p. 182. 

20. Castoroides Ohioensis at Minneapolis. Eighth Eeport, p. 
181. 

21. Unconformity between the Grand Portage slates [Ani- 

mike] and the talcose or sericitic schists [Keewatin] at Gunllint 
lake. Ninth Eeport, p. 82; Tenth Export, p. 88; Tenth, p. 132; 
Eleventh, p. 168; Sixteenth, pp. 69, 73, 67, 108, 239, 258, 268, 
323, 357. 
5 
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22. Extent of the moraineB of the second glacial epoch in 
Minnesota and Iowa. Ninth Eeport, p. 298. 

23. Titanic ore a constituent part of the gabbro. Tenth Re- 
port, p. 80 ; Fifteenth Report, p. 212. 

24. The Labradorian Laurentian [the gabbro] extends, with 
some contemporary syenite, from Dulnth to Little Saganaga 
lake and farther eastward. Tenth Report, p. 98-101, 113. 

25. The Quartz porphyry of the Great Palisades a part of the 
Cupriferous, and the equivalent of the ''Red Rock," or red 
syenite associated with the gabbro. Ninth Report, pp. 36, 39, 58; 
Tenth, pp. 66, 75, 77, 99, 101, 110, 112 ; Thirteenth, p. 36. 

26. Discovery of the Ogishke conglomerate. Tenth Rex)ort, 
p. 89. 

27. The Animike the equivalent of the Taconic. Tenth Re- 
port, p. 132 ; Eleventh, p. 168 ; Thirteenth, p. 131, 

28. Definition of the beaches of lake Agassiz. Eleventh Re- 
port, p. 141. 

29. The Vermilion and Mesabi iron ranges visited and de- 
scribed. Ninth Report, pp. 103, 108; Eleventh, pp. 155, 168; 
Thirteenth Report, p. 20. 

30. One new species of fossil. Twelfth Report, p. 8. 

31. The iron ore of the Mesabi range in a different formation 
from that of the Vermilion range. Thirteenth Report, pp. 22 
(fig. 5), 24, 37; Sixteenth, p. 79. 

32. Three iron ore formations in Minnesota. Thirteenth Re- 
port, p. 24 ; Fifteenth, p. 212. 

33. Paradoxides and Lingula (new species) in the red quartzyte 
(so-called Huronian) at Pipestone. Thirteenth Report, p. 65. 

34. The "upper Laurentian,'' or Norian, the equivalent of 
the gabbro, or *' Mesabi range," of Minnesota. Thirteenth Re- 
port, pp. 127, 140. 

35. The Taconic the equivalent of the Huronian. Thirteenth 
Report, p. 135 ; Sixteenth, p. 170. 

36. Forarainifera of the Cretaceous in the boulder clays of 
Minnesota. Thirteenth Report, p. 164. 

37. Elephas primigenius in Winona county. Thirteenth Re- 
port, p. 147. 

38. Thirty-nine new fossil species. Fourteenth Report, p. 57. 

39. One new family of fossils. Fourteenth Report, p. 104. 

40. One new genus of fossils. Fourteenth Report, p. 83. 

41. Three new genera of fossils. Fourteenth Report, p. 107. 

42. Four new species of fossils. Fourteenth Report, p. 313. 
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43. The Vermilion group, or crystalline schists named. Pif- 
teeoth Bei>ort, p. 4; conformable with the Lauren tian gneiss, 
Fifteenth Report, pp. 127, 178, 296; Sixteenth, p. 335; Seven 
teenth, p. 32. 

The jaspilyte embraced in basic eruptive rock now converted 
to chlorite schists. Fifteenth Report, pp. 221, 269, 319, 326; 
Seventeenth Report, pp. 37-42, 123. 

44. Mica schist derived from hornblende schist. Fifteenth 
Report, pp. 338, 357; Seventeenth, p. 32. 

45. Derivation of gneiss in »Uu from fragmental rock. Fif- 
teenth Report, pp. 353, 361, 368; Sixteenth, pp. 69, 81, 104, 107. 

46. Three new species of fossils. Fifteenth Report, p. 478. 

47. Stratigraphic position of the Animike. Fifteenth Report, 
p. 356; Sixteenth, pp. 79, 81, 87, 108. 

48. A driftless area in K E. Minnesota. Fiftieenth Report, p. 
350. 

49. Potsdam (or primordial) quartzyte of S. W. Minnesota 
the equivalent of the upper quartzyte of the Huronian in Cana- 
da. Sixteenth Report, p. 22. 

50. Gabbro and felsyte in the area of the original Huronian. 
Sixteeenth Report, pp. 29, 27. 

51. The Animike the equivalent of the Huronian. Sixteenth 
Report, pp. 38, 352. 

52. The upper Huronian (or Potsdam) quartzyte unconform- 
able over the iron ore formation at Negaunee, Mich. Sixteenth 
Report, p. 44; and at Ishpeming, Sixteenth Report, p. 46; and at 
Bessemer, Sixteenth Report, p. 55. 

53. The Gogebic iron ore on the horizon of the Animike of 
Minnesota. Sixteenth Report, p. 59. 

54. The ''Laurentian" overlies the Gogebic strata at Iron- 
wood, Mich. Sixteenth Report, p. 58. 

55. The Keewatin ^chists conformable with the Vermilion 
mica schists. Sixteenth Report, pp. 76, 350; Seventeenth, p. 37. 

56. The Vermilion sediments largely of eruptive origin, but 
principally distributed by sedimentation. Sixteenth Report, p. 
77. 

57. The Animike becomes nearly vertical, and embraces a 
part of the great Ogishke conglomerate. Sixteenth Report, pp. 
91, 98. 

58. **Laurentian'' gneiss overlying Keewatin strata. Six- 
teenth Report, p. 104. 

59. The Vermilion ore not Huronian. Sixteenth Report, p. 
175. 
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60. Two unconformable slate formations in the Marquette 
region. Sixteenth Report, pp. 178, 359; Seventeenth, p. 43. 

61. Conglomerate in Laurentian gneiss. Sixteenth Report, 
pp. 219, 293, 298, 334. 

62. The jajspilyte not of eruptive origin but arranged by 
sedimentary deposition. Fifteenth Report, pp. 223-247. 

63. Suggestion that the crystalline schists (Vermilion series) 
may be due to hydro-thermal action at deep levels, on the vol- 
canic tnffe, stratified by sedimentary action, of the age of the 
Keewatin, and may occur at difierent levels in the Keewatin 
strata. Seventeenth Report, p. 36. 

64. Demonstration by the deep well at Stillwater, that the 
Kewenawan rocks are not of Mesozoic age. Bulletin No. 5, p. 26. 

65. The gabbro outflow, of the age of the Pewabic [Pots- 
dam t]quartzyte. Sixteenth Report, p. 88; Bulletin No. 5, p. 34. 
(Section of the Duluth deep well.) 

66. Microscopic description of the peridotytes, gabbros, dia- 
bases and andesytes of the state. Bulletin No. 2. 

IN ZOOLOGY. 

1. Twenty-seven specicsof mammals named from the vicinity 
of Big Stone lake, one variety new. Thirteenth Report. 

2. Two hundred eighty-one species of birds credited to the 
state. Ninth Report. 

3. One hundred species of aphids credited to the state, forty- 
two of which are n^v to science. Fourteenth Report and Bulle- 
tin No. 4. 

4. Eighty-one species of Crustaceans credited to the state, of 
which twenty-seven are new to science. Fifth, Seventh, Tenth, 
and Twelfth Reports. 

5. Eighty-seven species of moUusks are credited to the state. 
Fourteenth and Sixteenth Reports. 

6. Eighty-nine species of mollusks are reported from Winona 
county. Sixteenth Report. 

IN BOTANY. 

1. Fungi in Minnesota, 558 species identified. Fifth Report. 
[Published simultaneously in the Bulletins of the Minnesota 
Acjwlemy of Sciences.] 

2. Other plants identified in Minnesota, 2107. Twelfth Re- 
port and Bulletin No. 3. 
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3. Thirteen species and four varieties of plants) new to 
science. Twelfth Eeport and Bulletin No. 4. 

4. Definition of the forested area of the state, and of the lati- 
tude limits of some of the trees. Twelfth Report. 

THE FUTURE WORK OF THE SURVEY. 

Besides the foregoing results, there are important scientific 
memoirs and reports that await publication. These form two fur- 
ther final volumes, and were offered for publiciition at the last 
meeting of the State Legislature. One contains the final reports 
on Birds and on Mammals, and the other is mainly palteontolog- 
ical. The palieontological volume will be No. 3 of the final vol- 
umes. 

The unfinished work of the geological survey proper lies in the 
northern portion of the state, embracing the crystalline rocks 
and the various (xuestious of economic and technical geology that 
pertain to them. This is the most important, as it is the most 
difficult and costly, of all the work yet done by the survey. A 
large amount of this kind of work has been done. It remains to 
thoroughly examine the specimens collected, give their relations, 
construct the geologiciil maps and to publish the results. 

And when this survey is finished, it can be considered only a 
commencement of the research that will yet be conducted on the 
geology of the state. It is an effort to put into systematic rela- 
tionships some of the obvious facts that can eiisiest and quickest 
be gathered up by a geological observer. So far as it goes it is 
useful, and is absolutely necessary to the future geologist who 
would inquire further into these relationships. It will furnish 
for him a broad stepping-stone from which he may examine more 
minutely many things that now have to be passed over unstudied, 
just as the survey of D. D. Owen has furnished for us an earlier 
classification from which to take departure in all our examina- 
tions. 
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NOTK. — The work wnbodied in the following report by Dr. Wadsworth was done in 1886, in 
the laboratory of the aarrey at the Unirenity o/ BCinnesota. It should strictly be considered a 
part of the annual report of progress for tnat year. But in aocordanoe with the terms of a recent 
law of the legislature, and because that volume would be unduly swollen if this were included in 
it, this contribution to the progress of the survey is herewith issued as one of the Bulletins of the 
surrey. 

Consistent with the practice of the survey, though not in accordance with that of Dr. Wads- 
worth, the spelling of rock names is made in yte^ in order to distinguish them from mineral 
aunes in He, This dirtinction was proposed by Prof. J. D. Dana, and serves well the purpooe for 
vhicb it was instituted. N. H. WINCHELL. 
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INTRODUCTORY. 



It is proposed in the following pages to give a preliminary 
description of certain types of Minnesota rocks, to serve as a 
framework for a more complete discussion of the same in the 
final report. In order that the manuscript should be in the 
hands of the printer in sesison for the annual report for 1885, 
much work that it was desirable to do has been left undone, and 
many matters, upon which the investigations were in too incom- 
plete a state even for the preliminary publication, have been 
omitted-, or only briefly touched upon. This has been the case 
with the large and important group of melaphyr rocks, upon 
which the work is too incomplete for publication. 

The field relations and to some extent the microscopic charac- 
t-ers of the rocks described in the following pages have been 
given by the state geologist in the annual reports for 1879, 1880, 
and 1881, and in volume I of the final report. In some cases it 
will be found that the field relations hav(> led the state geologist 
to different conclusions concerning the nature of the rocks in 
question from those adopted by the writer, ^hohas based his views 
upon the correlation of the microscopic characters of rocks and 
their field relations, as studied by him els(^where. So, too, some 
difterence of opinion has been found in relation to the mineral- 
ogical constitution of a portion of the specimens. Since we have 
approached these questions from different standi)oints, it is not 
in the least surprising that somewhat different views should be 
held by us; and it is a matter for congratulation that such is the 
case, as only through diversity of opinion does aiivance take 
place in any science or in any subject in this world of ours. 



It is to be hoped that through further field examination and 
the microscopic study of other specimens, these questions, when 
important, can be settled in one way or another for the final re- 
port. The writer does not assume, for a single instant, that hia 
views are of necessity correct or the only ones to be held; but 
simply that he holds them as the ones which appear to him to be 
correct with the light which he now has. As the writer has al- 
ready pointed out * in questions concerning the nature of rocks, 
the field evidence must take precedence over the microscopic, and 
that the former when clear must decide all questions in dispute. 

At the present time there are two schools of petrographers en- 
gaged in active work upon rocks. 

One school makes the mineral constituents of the rocks the 
principal objects of attention, giving the time mainly to ques. 
tious relating to the crystallographic, optical, and chemical charac- 
ters of these minerals, and to their mechanical separation aud 
isolation. The nomenclature of the rocks is in general based on 
the minerals found in them, and but little attention is given to 
the field relations or alteration. 

The second school, to paraphrase a remark of Sir William K 
Logan about fossils, ^^uses the minerals but does not describe 
them.'' It bases its work largely upon the field relations of the 
rocks and traces the changes in different portions of the rock 
mass, attributing the resulting altered rock, let it be now schist, 
dioryte, or what not, to the rock from whose alteration it was 
produced, let that be basalt, diabase, andasyte or any other 
form, as the case may be. The minerals are always looked upon 
as subordinate to the rock and not superior to it, for the miner- 
alogicjil composition is considered as chaugenble aud changing. 

In the first school are included ne^irly all of the German, 
French, and American petrographers, while in the second school 
are the English petrographers, Lossen, Lehmann, Eeyer, Eoth- 
pletz and some othera amongst the Germans, and myself amongst 
the Americans. 

The first school is an all powerful aid to the mineralogist aud 
has advanced to an extraordinary degree our knowledge of 
minerals, particularly as they occur in rocks; and although the 
writer has criticised strongly in the past the mineralogical 
method, it has been only against those methods as applied to- 



* GeoloKjT of the Iron and Copper Districts of Lalce Superior, 1880, pp. 43, 78, 74. 



rocks as such, and never against the value of the work mineralog- 
ically. These criticisms were made for the reason that the writer 
believed then, and does so now, that the method of the first 
school, when rigidly applied to rocks, placed unlike ones to- 
gether and separated those which were alike, i. e., geologically 
but not mineralogically. That is, hand specimens would be 
classed by this school as entirely different species, when in reality 
they were the same rock mass, the variation in structure and 
composition being solely due to alteration. When the mineral- 
ogical method was applied to rocks in this manner it became a 
hindrance instead of a help to the geologist and led to confusion. 
While I would still criticise the application of this method to 
rocks as such, my criticisms have never been intended to apply 
personally, as many of my warmest friends^ to whom I am deeply 
indebted, are workers in that school, and most thorough and 
conscientious work have they done. No one can work in petrog- 
raphy without rendering due credit to the wonderful observa- 
tional and descriptive powers of Zirk el; to the patient, painstak- 
ing labors and remarkable knowledge of Bosenbusch; and to ex- 
ceedingly valuable researches of Fouque, Levy, Cohen, Benard, 
Streng, Tschermak, Tornebohm, Thoulet, Wichmann, and nu- 
merous others who constitute the mineralogical or rather the micro- 
mineralogical school of petrographers. 

The second school may be properly styled the geologwcU or his- 
toricaJ school of peti'ographersj and the difference between the 
two schools is far less marked at the present time than formerly, 
many observers belonging in part to both, and others holding 
intermediate grades of belief. While the mineralogical school 
is still in the ascendancy, the current is now setting strongly 
in favor of the geological school, and many of the strongest 
papers in behalf of that school are now being published by the 
members of the micro-mineralogical one; although the authors, 
themselves, fail to see the far-reaching applicsttion of their work. 
It is indeed probable that in comparatively few years both 
schools will be united by the advance of the micro-mineralogical 
school to the ground occupied by the geological petrographers, 
as the former school is now moving rapidly in that direction. 
In fact the actual relation of the two schools to each other is 
much the same as that which the palaeontologist holds to the 
stratigraphical geologist. 



However great and valuable may be the knowledge of fossils 
which the palaeontologist has, that knowledge alone will never 
yield to him the structure and history of the earth's fossiliferous 
strata — the solution of those problems is for the stratigraphical 
geologist, even if he have but a thousandth part of the knowl- 
edge of fossils as such, that the pabeontologist possesses. So in 
petrography the most critical and accurate knowledge of miner- 
als as such, whether in rocks or out, will never enable one to 
read the story of the origin, relations, vicissitudes and natunil 
classification of rocks. That is the part of the geological petrog- 
rapher — even if his knowledge of minerals as such, is of the 
crudest kind in the eyes of the micro-mineralogist. 

Although I had worked in an amateurish way for a number of 
years in regions of granites, crystalline schists, sandstones, and 
limestones, my petrographical work proper did not commence 
until the early portion of 1874. My work was of course af- 
fected by the writings of Zirkel, Bosenbusch and Tschermak, but 
I was perhaps at that time most deeply influenced by the theo- 
retical views of Allport, whose work it has always seemed to me 
has never received the credit or attention that its merit de- 
serves. My work then consisted in studying the field relations 
of a large and complicated series of dikes of different ages, and 
then unknown composition, in the vicinity of Boston; and the 
microscopic study of the same. 

The results of my studies showed that these rocks were orig- 
inally augitic and belonged to the basic rocks. These were classed 
as altered forms of doleryte and basalt, under the names of 
diabase and melaphyr. The normal constituents of thes«* rocks 
were said to be augite, feldspar, and magnetite, while the viridite, 
most of the biotite, part of the hornblende, the prehnite, chalco- 
dite, and hematite were the products of alteration of the original 
minerals. 

It was further stated that from this same series of rocks there 
could be collected as typical ones, specimens which both macro- 
scopically and microscopically could be and had been i)ronounced 
to be basalt, diabase, melaphyr, syenite, aphanyt^, dioryte, im- 
pure limestone, chlorite schist, etc., etc. Yet the study of these 
rocks showed that they were only altered forms of one and the 
same basaltic rock, the different types ])assiug into one another, 
while the coarseness of crystallization was dependent on the size 



of the dike or boss. So, too, the amount of alteration was found 
to be dependent upon the relative ages of the rocks, although 
the division of rocks into older and younger was rejected.* 

In 1878 the writer also showed that the hornblendicf and 
micaceous granites of Eastern Massachusetts were the same 
rocks, and passed into each other in the same continuous mass. 
Also that i)orphyrltic and non-porphyritic characters belonged 
together in the same dike, and that through alteration the inte- 
rior of a dike might differ greatly in mineralogical character, 
forming utterly different rocks, if they were named according 
to the prevailing nomenclature. The associated basic rocks were 
all looked upon as altered basalts, and according to their coarse- 
ness of texture classed as diabases or melaphyrs. J 

In 1879, after having studied several thousand thin sections of 
modern and ancient eruptive and sedimentary rocks, including 
metamorphic forms, with added field work, the present writer 
concluded, in substance, that a mineralogical classification of 
rocks was an impossibility, and that no natural division sepa- 
rated the tertiaiy rocks from the pre-tertiary ones, and that the 
divisions older and younger could not be held. He placed under 
a specific name certain types of rock and classed under each spe- 
cies every form of that rock, whether it was glassy, coarsely or 
finely crystalline, schistose, metamorphic, fragmental, or other- 
wise. The rocks of any species were to be followed through 
every alteration, whether chemical or mechanical, and kept 
under that specific name, designating the modifications by va- 
rietal names, if desirable on account of their importance. 

It was further pointed out that the eruptive rocks through 
alteration were so metamorphosed as to closely simulate the 
characters of sedimentary (metamorphic) rocks, and to pass 
under the same names. 

Under the term basalt were placed, as alteration forms of it, 
melaphyr, diabase, gabbro, and the majority of the diorytes as 
well as the majority of the euphotides, and all other rocks de- 
rived from basalt. It was further pointed out that augitc and 
hornblende andesytes were one and the same species, the augite 

• Proc. Bost. Soc. N»t. Hist., 1877, XIX 217-237. 

t It may be mentioned here tliat Rosenbusch called my attention later to the fact that the 
bine hornblende which I liad described in these granites was the rare rariety known as glauco- 
phane. (See also Descriptiye Catalogue of American and Foreign Rocks, 1883, p. 16). 

t Proc Bost. Soc. Nat. Hist, 1878, XIX. 309-316. 
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aiising from the recrystallization of the dissolved hornblende 
material in the andesytes; and that the so-called species of pro- 
pylyte, porphyryte, hornblende-porphyry, black -porphyry, part 
of the felsyte or felsyte-porphyry, and part of the diorytes, etc., 
were simply altered states of andesyte. Further, that the 
felsytes (including quartz-porphyry) were simply altered rhyo- 
lytes. Also that many other old or metamorphic rocks, desig- 
nated by various names, were simply altered states of rocks 
which were once identical with modern eruptive rocks. 

It was further stated that quartz and hornblende existed as 
foreign, indigenous, and alteration products in rocks, and that 
all the sulphides, carbonates, hydrous minerals, epidot^e, and 
part of the feldspar, etc., were the products of alteration or infil- 
tration after the consolidation of the eruptive rock. 

The meaning and intention of that paper was to convey the 
idea that the eruptive rocks proper could be ari'auged under a 
few species, like basalt, andesyte, trachyte, and rhyolyte, * and 
that the pre-tertiary, or older eruptive rocks, now known by 
different names, like gabbro, melaphyr, granite, felsyte, syenite, 
porphyry, porphyrytes, etc., are rocks which originally were 
once identical with the modern forms, although, owing to greater 
depth at the time of solidification, they may have been more 
coarsely crystalline than their modern representatives. But, 
otherwise than this coarseness of texture, when congenital, their 
present differences from their younger types are due solely to 
alteration or to infiltration; which alterations are molecular or 
chemical, and were brought about through the medium of per- 
colating waters, hot or otherwise, even if induced by pressure or 
any other geological agent. 

Further, that all sedimentary rocks were derived directly or 
indirectly from the eruptive ones, and although many of the 
metamorphic rocks (schist, gneisses, etc.,) are altered sedimen- 
tary rocks, yet many of these metamorphic or foliated rocks 
are also the result of direct alteration of non-fragmental erup- 
tives in situ. These views, as published then f and enforced or 
republished from time to time since, constitute, so far as the 
wrii^r is aware, the most sweeping and widespread generaliza- 
tions, extended to all rocks, that have been published by any 



* To which the author has Bince added slderolyte, pallasyte, peridotjte, and Jasplljte. 
t On the ClasBlfication of Rocks; Bull. Mas. Comp. Zoel, 1879, V. 275-287. 



member of the geological school of petographers. Aud although 
at the time of the publication of those views the writer stood 
alone amongst American petographical workers, there has been 
since 1882 a series of papers published by Becker, Hague, Id- 
dings, Irving, Van Hise, and Williams, which, are mainly 
of a local character, and for the most part cover a somewhat lim- 
it^l rangeof rocks. Yet within that range these papers sustain in 
a remarkable degree not only the present writer's above given gen- 
eralizations but also many other of his prior-published con- 
clusions — which confirmation, judging from the papers, the writ- 
ers themselves are unaware of, possibly not seeing the natural 
conclusions following from their own work, as they endeavor to 
keep well within the limits of the micro-mineralogical school. 

The European geological petrographers hold priority in the 
publication of their views, yet none appear to have taken so ex- 
tended a generalization as myself, as they have been working on 
less diversified rock material; however, after personal discussion 
of our various views and methods of work with Bonney, Judd, 
Teall, Butley, and Cole in England, and Lossen, Lehmann, Beyer 
and Bothpletz in Germany and Austria, it became evident that 
we were all working on the same lines and to the same end, 
even if our certain terminology differed in certain respects. 
For instance the same general changes that Lehmann wiis able 
to show me, had been observed by me in almost every instance, 
in American rocks, and made part of the basis of my pub- 
lished conclusions. But those changes were referred by myself 
to the action of percolating watere acting, of course, under the 
influence of earth movements or any other force that might af- 
fect them, while they are attributed by Lehmann almost entirely 
to pressure. 

The same genei-al parallelism of occurrences was also found 
to exist between the European altered rocks shown by Lossen, 
Bonney, Judd, Teall, Butley, and others and American altered 
forms observed and studied by the writer. 

It certainly seems to the writer that the tracing out of the re- 
lations of rocks to one another and following them into their 
metamorphic conditions is the work of the petographer that is 
of the greatest value to the geologist and one that is very rapidly 
coming to the front. 

One i)eculiarity of the writer's work has been to place the 
2 
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altered rock under the species of which it was an altered repre- 
sentative, for instance, a dioryte if it could be shown to be 
from a basaltic I'ock, had its name written as follows: 
. BasaU, dioryte. 

If it was found to be from an andesyte then the name was: 

Andesyte^ dioryte. 

This indicated that the rock was now in the condition in 
which it would be call^ by lithologists generally a dioryte, but 
that it was a dioryte formed from the alteration of a rock which 
once possessed the characters of a basalt or of an andesyte, as the 
case might be. So, too, if a hornblende schist was formed from 
the further alteration of a diabsse, itself an altered form of ba- 
^It, the name was written basaU, diabase^ hornblende schist, the 
last name indicating its present condition, the others indicating 
its former states. This mode of labeling has even been carried 
out in the case of quartz, which has been found to replace a 
melaphyr, leaving the forms of the feldspar intact. This was 
designated as follows: 

Basalt, melaphyr J quartz. 

Such a method has been criticised with the statement that all 
it was desired to know was that the rock at the present time was 
quartz. Surely if it is of any value to call quartz which has re- 
placed a coral or a gasteropod shell by the name of the replaced 
fossil it is of value to know not only that the above rock is now quartz 
but also that it has replaced a former rock belonging to the mela- 
phyre variety of basalt; and it is an advantage to tell the story in 
three words, as is done above. Of course the term quartz would 
alone be used in speaking of such a specimen except when placed 
in a systematic arrangement. So, too, the term hornblende schist^ 
dioryte, diabase, felsyte or porphyryte, would alone be used in 
speaking or writing of such rocks unless one was labeling them or 
arranging them in a systematic manner. 

I have never used, or proposed to use, as my critics have stat- 
ed, the nomenclature, basaUgabhro-dioryte, or basaU-melaphyry 
although I have stated such a system could be made, if de- 
sired, out of the one proposed by me.* But even if I had, it 
would not be any more cumbersome than the gabbro-dioryte, hy- 
persthefie-aiigite-andesyte or biotite'mu^coviie-hornblende'granite of 
the same objectors. 

* Lithological Studies, 1884, pp. 57^9. 
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In 1879-80 the writer spent mnch time in the study of the 
copper and iron districts on the south shore of lake Superior, 
thus gaining a personal knowledge of a region and rocks similar 
to those which have been placed in his hands by the Itfinnesota 
geological survey. 

In that work the basic eruptive rocks were found to be much 
altered in places, the augite being largely replaced by horn- 
blende either entirely, or else cores of the augite were left in the 
centre. This was the case both with green and brown hornblende, 
while orthoclase, quartz, biotite, chlorite, titanite, actinolite, 
viridite, epidote, etc., were found as alteration products in these 
old basalts; which in many cases had altered to such an ex- 
treme degree, that they were both macroscopically and micro- 
scopically rocks which all lithologists would pronounce to be 
in their present condition diorj-te, quartz dioryte, diabase? 
melaphyr, chlorite schist, hornblende schist, actinolite schist, 
and even mica schist, yet the writer held, and in many cases 
proved, that they were simply various alteration stages of rocks 
which were once identical with modern basalts, excepting that 
in some cases they may have had originally a coarser crystalli- 
zation, owing to a longer time occupied in solidification. ^ 

The general beaiing of the writer's conclusions referred to in 
the previous pages can perhaps be best understood by pointing 
out the different results arrived at by the mineralogical school 
and by the present writer concerning the classification and 
relations of some European rocks. In order to avoid any mis- 
understanding it is to be distinctly understood that the writer 
neither offers nor intends q»ny criticism on the correctness of the 
determination of the rocks according to the methods of the min- 
eralogical school, but simply desires to point out wherein the 
principles of classification followed by him would place the 
specimens in question. It is simply a question of correctness of 
principles, and not a question of the correctness with which those 
principles have been applied. There is no concern here with 
the determination of the mineral constituents or whether or not 
they occur in the rocks so as to give the mineralogical composition 
of rocks called dioryte, porphyryte, noryte, or what not, but the 
concern is to point out the rock from which the so-called dio- 
ryte, protobas, etc., has been produced by its alteration. The 

* Geology of the Iron and Copper DiBtricts, leSO, pp. 36-49, 70. 
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orthography of many of the localitieB given below is doubtful as 
the labels from which they were taken were not always remark- 
able for their perspicuity, and I have not now at hand the means 
of checking the errors. 
Kerataphyr, 

The chief portion of the sections seen of this rock appear to be 
basalts altered to diabase; but a few of the Fuess slides have 
the structure of an altered acidic rock, felsyte, in which the 
quartz is secondary. All the specimens seen of keratophyr are 
in a highly altered condition. 

Pdlceopici^tes, 

Many of these are altered basaltic rocks of the gabbro type, 
but one from Marlesreuth appears to be an ordinary basalt. 

Tephryte. 

The tephrytes from Mittelgebirge, Bohemia, Ganseberg, by 
Garditz, Aussig, Sponeck, Neunlinden, Zewler, SebusMn, and 
Kostenblatt appear to belong to the andesytes, as also do many 
others from Bohemia. 

Teschenytes. 

In general the teschenytes belong to the coarse-grained basalts, 
that is to the gabbro or diabase type, i. e., Boguschowitz, but some 
like those from Marklowitz, Sohla, and Craig Park are appar- 
ently altered andesytes. 

Ophyte. 

The rocks classed unde'r this term are quite variable, but all 
seen by me belong to the basalts, and are now altered and prop- 
erly fall under the varieties known as gabbro, diabase, melaphyr 
and dioryte. 

Gabbro. 

While in the majority of cases the writer would be in accord 
with the mineralogists in their classification of gabbros, yet 
those forms seen from Mt. Ferrato and Bombiana, Italy; Trodhu, 
Skye; and Inneres, Mull; he looks upon as andesytes bearing 
diallage. 

Proierobas, 
The great majority of rocks called by that name, like those 
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from Stiebitz and Biibeland, are diabases, but a few come under 
the name melapliyr, while some are altered andesytes. 

KersanLyte. 

These rocks appear to belong for the most part to diaba^se but 
some to gabbro. 

Diabase. 

The great majority of rocks commomly classed as diabase the 
writer would also place under that name as an altered form of 
basalt, but some he would prefer to consider as melaphyrs, as 
for instance those from Mallock, Darmstadt, Steinaer Thai, 
Konigsberg, and elsewhere. Some of the Darmstadt rocks are 
diabase however. A few of the so-called diabases are here re- 
garded as altered andesytes e. g. that from St. Davids. 

Melaphyr, 

The chief portion of rocks known by that name I should class 
under that head, as a form of altered basalt, but some are proba- 
bly altered andesytes like those from Cresta da Pell, Bubaure, 
Wildenfels, Neustadt, Kreuznach, and Wisendorf. The so-called 
melaphyr from SchneidehiuUerskopf is unquestionably an an- 
desyte. * 

Dioryte. 

Nearly all diorytes seen are altereQ basaltic rocks, being sim- 
ply further degrees of alteration in the diabase and melaphyr 
types. Some, however, like that from Dustenbrook, are altered 
gabbros; while that from Lac d' Ayatt is probably an altered an- 
desyte. The same may be said of the mica diorytes, augite dio- 
rites and quartz-hornblende-diorytes, although rocks of an acidic 
character, and belonging to the hornblendic granites, have been 
sometimes classed under the quartz diorytes. 

Basalt 

In the great majority of cases the writer would use the name 
basalt for the rocks which are usually so called by the mineral- 
ogists; but rejecting the divisions of older and younger, and 
arranging the varieties purely on the question of alteration and 
crystalline structure, he would prefer, if the variety names are to 

* Decriptive Catalogue of American and Foreign Roclu, Boston, 1883, p. 14. 

4 
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be used, to claiss as melapbyrs the rocks which he has seen fx*omSt. 
Helena and Pal ma, and as diabase that from the island of Skye. 

Augite Andesyie, 

As a division of andesyte, if this term is to be used, the writer 
would agree in regard to the rocks generally classed under that 
head; but some, like those from Budigheim, are somewhat 
altered basalts, which might be called melaphyrs. The so- 
called augite andesyte from Puy de Louchaden is also a basalt, 
but little if any changed. The same may be said of the so-called 
augite andesytes from St. Elie, Horny -Turock, and Stoppelberg. 

Hornblende Andesyte. 

If the term hornblende andesyte is to be used to designate a 
division of the andesytes, so far as I have studied these rocks, 
there would be essential concord between myself and other 
lithologists. 

Fropylyte. 

As claimed by the writer in 1879, this rock is an andesyte in 
which the ground mass and its porphyritically inclosed crystals 
are more or less altered, and in this view there is now essential 
agreement between myself and the majority of lithologists. 

Hornblende Dacyte. 

These rocks appear to be andesytes in which the groundmass 
and porphyritic crystals have been more or less altered, yet un- 
der the term dacyfce are included many more or less altered 
tnichytes and rhyolytes, as well as some unchanged forms. 

Thnacyte. 

This is an altered andesyte of the hornblende andesyte variety, 
with the base altered. 

Hornblende Porphyryte, 

The majority of the rocks designated by this term belong to 
altered fornLS of andesyte, like those from Pic du Midi, Lugano, 
Angolo, St. Sigmund, Potschapel, Ilmenau, Thallichtenberg, 
Waldbockelheim, St. Margen, Pfremthal, and Longemer. Some, 
however, appear to be altered basalts, coming under the head of 
melaphyr, e. g., Steeusfjord and Biella. 
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Diabase Porphifrytii, 

Some of these rocks are probably altered andesytes like those 
from Kohlschlag, Viezenna, Teufelstein b. Hof, Elbingerode, 
Kaisersbachthal, Tunnel b. Oberstein and Heringhausen. The 
majority, however, properly belong under the basalts, some being 
comparatively little changed, like the rock from Wolfetein b. 
Oberstein, while others are so altered that they are best classed 
under the head of melaphyr, e.g., Modum, Grenholmen, Holmes- 
trand, Eussberg, Eoskbey, Torno, Naretta, Mauchasher Grund, 
Schshelden, Dillenburg and Idar in Oberstein. A few are of 
the more coarsely crystalline type of altered basalts, coming un- 
der the head of diabase, e. g., Le Piera, Tyveholmen and Avan- 
son. 

Auffite Forphyryte, or Aiigite Porphyry, 

Of these, most are altered andesytes, e. g., Schaumberg, Klau- 
sen, Marathonisi, Bolan, Pfullschberg, Predazzo and Plauen. 
Part, however, belong to the basaltic rocks, e. g., some from 
Schaumberg, Ilmenau, Tunnel by Kern and Baldumstein. 

Enstatite Porphyryte. 

That the enstatite porphyrytes of the Cheviot Hills are an- 
desytes has been strongly advocated by Mr. J. J. H. Teall, and 
that he is correct I feel sure from an examination of several series 
of these rocks and their sections, and their comparison with several 
hundred of the recent Cordilleras andesytes. In fact many of 
the Cheviot rocks are less altered than many of the recent Cor- 
dilleras ones. They belong mostly to the group of augite (ens- 
tatite) andesytes. Some of the Cheviot andesytes are much al- 
tered and now have the characters of that type of altered an 
desyte known as porphyryte. 

The enstatite porphyrytes from Klausen appear for the most 
part to be altered andesytes, while that from Walschberg an der 
Hohe is also an andesyte. 

Mica-Porphyryte. 

The mica porphyrytes from Sadgardsii, Eocoaro, Ilfeld, Kreuz- 
nach, Ilmenau and Waldbokelheim are altered andesytes. 

Feldspar-Porphyryte. 
The rock from Kuhlberg is probably an andesyte. 



10 

QuaHz Dioi^ie- Porphyryte, 

The rock known by this name from Passer river is an altered 
andesyt^\ 

Phonolyte, 

This group of rooks is a difficult one, and in many eases the 
alteration has gone so far that the original nature can not be told. 
That from Alarve, Portugal, appears to have been formed from 
the alteration of a glassy rock of the andesyte type. The forms 
from Rochfort, Mont Dore, Puy de Dome, Toller Graber b. Wess- 
ler, Lischmitz, Kreuzberg, Bubenbad, SeU>erg, Roche Sana- 
doire, Grosspriesen, Tichlowitz, Aussig, Oderwitz, Heldburg, 
Calvarunberg, Horberg, Kiipellenberg, Hohentwiel, Oberschaft- 
hausen, Gonnersbohl, Eichberg, Teplitz and Hessenthall, are 
probably altered andesytes originally of a compact or glassy 
nature. 

Other forms from Mont Dore are undoubtedly basaltic rocks, 
while specimens from Aschaffenburg, Teufelstein b. Rhon, 
Steinwand, Pferdekopf, Stein b. Pappenhauseu, Milseberg and 
Hohenkriihen are believed to be altered compact or glassy tra- 
^ chytes. The forms from Schuilberg, Milleschau and Seltera are 
apparently from altered compact or glassy andesytes or trachytes 
but is is doubtful which. One from Stellberg is an altered glassy 
rock but to what species it originally belonged the writer has no 
idea. 

Nephelinporphyr, 

The forms from Fassathal, Mt. Mullato, and Viezenna are pos- 
sibly altered andesytes. 

jyiabase Pitchstone. 

The forms from Wolfstein and Weisselberg bt^long to the an- 
desyt<5S. 

Diorifte Pitchstone, 

These rocks appear to belong to the rhyolytes although they 
may possibly belong to the altered glassy forms of andesyte or 
trachyte. 

Trachyte, 

The form from S. Brorrosch is like the andesytes of Lassen's 
Peak, while those from the "Ausbnich de Epomeo im Jahr 
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1302," Ischia, and from the Platean de Durbize I consider to 
be basalts. To the older and altered forms of trachyte belong 
very many of our porphyritic, gneissoid and friable gray granites, 
but others like the hornblendic and micaceous granites of Quincy 
and Bockport would appear to belong to the old altered and 
coarsely cry^stalline rhyolytes. 

Augite Trachyte. 

Many of these rocks are here considered to be trachytes but 
others like that from the **Arso Strom," Ischia, Perlenhardt, 
IBrokasch and Alschberg are probably andesytes. Those from 
Pantellaria and Valle de la Cours are probably basalts but may 
"be andesytes. 

Mornblende Trachyte. 

These rocks are chiefly trachytes, but some, as that from Bhon- 
tlorfer Thai, belong to the andesytes or basalts. 

Mica Trachyte. 

The mica trachytes seen apparently belong to the andesytes. 

Trachyte Pitchstone. 

The forms from Leva, Mt. Sieve and Tokaj belong, appar- 
ently, to the glassy andesytes. 

Jiinette. 

The specimens of this rock are in the majority of cases proba- 
"bly altered forms of andesy te. 

•Feisyte PUchstone. 

The forms from Grantola, Prejus, Burystall, Chemnitz, Mei- 
een, Spechtshausen and Planitz, belong to the rhyolytes, part 
coming under the variety obsidian. 

Quartz Porphyry. 

The rocks classed under this term belong, as a rule, to the rhy- 
olytes, of which they are altered forms. 

Amongst other forms augite porphyry belongs in pail; to the 

l)a8alts and part to the andesytes; schalestein to the poroditic 

variety of basalt; and augitite, pyroxenite and limburgite to the 

1i)aBalts. Amphibolite appears to be an altered basaltic rock, al- 

3 
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though many of its forms are probably sedimentary. Labrador 
porphyry is an altered basalt coming generally under the head 
of diabase or melaphyr. Felsyte porphyry belongs in part under 
the altered trachytes and part under the altered rhyolytes. The 
nephelite and leucite rocks belong variously under the basalts, 
andesytes^ and the more acidic rocks. 

A far more extended series of names might be given but the 
above is suflScient to indicate the diflference between the miner- 
alogical method and the geological one. The one assigning the 
altered rocks to their particular position from the minerals that 
they at present contain, while the other endeavors to reconstruct 
the past history of the rock from its field relations or from the 
remains of its original composition or structure that may be left 
determinable in its altered condition. 

I desire to extend my warmest thanks for aid and assistance 
given, as well as the opportunities offered for the examination of 
collections afforded me, to Messrs. Bertrand, Bonney, Brezina, 
Bucking, Cohen, Cole, Hermann Credner, Daubr^e, Davies, Das 
Cloizeaux, Doelter, Fletcher, Poullon, Fritsch, Giimbel, Groth, 
Haushofer, Hirschwald, Hussak, Jannentaz, John, Judd, Kayser, 
Lasaulx, Lehmann, Lossen, Mallard, Meunier, Mohl, Osann, 
Benard, Eosenbusch, Justus Both, Bothpletz, Butley, Sauer, 
Tschermak, and many others. I especially wish to return 
thanks to Professor Eosenbusch, as no one who has ever studied 
with him can ever forget his patient, untiring, kindly assist- 
ance that he gives his pupils; as well as his devotion to their 
interests which leads him to place his time almost entirely at 
their free disposal. 

It having been stated a number of times in the writings of 
others that my classification of rocks was based on their chemi- 
cal composition, it is proper here to remark that such state- 
ments are entirely incorrect and have no foundation in fact. I 
have further distinctly stated in my 'fLithological Studies'' (p. 
52) and elsewhere, that chemical analysis alone, as a general 
rule, is insufi&cient to furnish data for naming a rock; and I do 
not think a single instance can be found in my writings in which 
[ have named any rock from its chemical composition alone. 

As remarked before, my classification has been based upon 
the study in the field and cabinet, of rocks of every character and 
grade, by tracing out their relations, by comparing different 
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forms and by following them through their different degrees 
of alteration. Also by establishing the characters of the type or 
specific forms, when in their original or unaltered state, and trac- 
ing the gradual change and obliteration of these characters as 
the rock is more altered or metamorphosed. 

The classification and arrangement were based on the field, ma- 
croscopic and microscopic characters of the rocks themselves, 
and not upon their chemical composition, as that composition 
has been known only in comparatively few of the rocks 
which I have studied and classified. 

For example the diabases, melaphyrs, and diorytes were con- 
sidered to be altered basalts, because there could be found in 
them in a more or less perfect state the characters of basalt as 
it is known in its purest unaltered type, while diorytes, in 
which even all the original basaltic characters had been obliter- 
ated by alteration, could also be provisionally referred to an 
altered type of basalt, owing to their having the general charac- 
ters of other diorytes which could be proved to be altered basalts. 
Also the porphyrytes and propylytes were considered to be al- 
tered forms of andesyte, because they ret-ained the partially ob- 
literated characters of the unaltered andesytes. The same can 
be said of the relations of the felsytes and quartz porphyry to 
rhyolyte, or of serpentine to the peridotytes, etc., etc. 

Now during the process of tracing the grades of alteration from 
the typical unaltered forms through their more highly altered, 
metamorphic, schistose, and fragmental conditions, it was found 
that unless some special accident had occurred like the remov al 
of material or the importation of foreign matter, the chemical 
composition remained in the altered or fragmental states, within 
certain limits similar to the composition of the original rock. 
This fact, so far as it had then been confirmed was pointed out in 
1879, and further it was shown in the lists of chemical analysis 
published in the "Lithological Studies,'' that this view was cor- 
rect for the siderolytes, pallasytes, and peridotytes. So far as my 
researches have gone, it has practically been found that this 
view is correct for all rocks. Yet should the future show (iis 
some of the later analyses of the Minnesota rocks appear to do) 
that this generalization concerning the chemical relations of 
rocks was incorrect, it would not affect or alter my classification 
in the slightest degree. The only cases in which I make any use 
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of the chemical composition are, first: in the effort to correlate all 
the characters of the rocks into a systematic and uniform whole; 
second: when the field relations, macroscopic, and microscopic, 
characters, combined or singly, leave the position of the rock 
doubtftd, then the chemical composition is used to lend what- 
ever aid it may, to the conclusions derived from the study of 
the other characters; third: in the case of certain rocks which 
have been so completely altered that the characters that they 
originally possessed have been entirely obliterated, then the 
chemical composition is used for what it is worth to indicate 
the probable original constitution of the rock from which the 
altered form was derived. 

Yet I am perfectly well aware of the immense value of com- 
plete (Bausch) analyses of rocks if my generalization can be 
proved to be correct; and I desire and intend to continue the 
correlation of chemical composition of rocks with all their other 
ehamcters as rapidly as the strength left, after attending to the 
^''hrot und butter ^^ question, permits. 

So far as I can prove that the chemical composition can be 
used in classification I may use it, but even then it would have 
to be subordinate to the other characters. 

Many petographers consider that when the term altered is used 
concerning a rock it means it contains hydrated minerals, or i» 
weathered, or in some way has lost its freshness. This is a view 
which should be corrected, as many of the altered rocks contain 
not a single hydrated mineral, and a large part of those forms 
which have been so changed that not a single one of the original 
minerals remains in them, are amongst the freshest rocks on the 
globe. How much hydration is to be expected when the origi- 
nal materials are altered to, or replaced by such minerals a» 
quartz, feldspar, hornblende, or anhydrous micas f Yet these are 
the most common alterations- when the change is complete, and 
the resulting rock is entirely fresh and anhydrous. The same 
freshness and want of hydration is also seen in numerous rocks, 
like the St. Paul peridotyte, in eulysyte, felsyte, quartz porphyry 
granite, syenyte, dioryte and many others; while in other cases 
every gradation can be seen between the perfectly fresh and an- 
hydrous rocks and those which are weathered, or which are 
hydrous. 

In view of the previous statement it will be no cause of sur« 
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prise to anyone that in my studies upon the Minnesota rocks, I 
hsive worked in the same manner as in the past — giving my at 
tention chiefly to tracing out the alterations and relations of the 
rocks and their mineral constituents, rather than devoting my 
time to the usual discussion of the crystallographic, optical, and 
chemical characters of the contained minerals themselves. 

THE PBEIDOTYTES. 

Cldssijicaiion. 

The term peridotyte is employed by Professor H. Bosenbusch 
to designate all the pre-tertiary terrestrial rocks which are com- 
posed essentially of olivine or its chief alteration product serpen- 
tine with or without enstatite, diallage, augite, magnetite, 
cbromite, picotite, etc., * i. e., to the older massive rocks free 
from feldspar. 

The present writer later extended this term to include all ter- 
restrial and meteoric rocks of similar composition and structure 
and to all derivatives of the same without regard to their age or 
state of alteration, f 

, The peridotytes are divided into a number of varieties accord- 
ing to their mineralogical composition, state of alteration, frag- 
mental condition, etc. These varieties are sometimes determin- 
able macroscopically and at others only microscopically, since 
the change in mineral composition oftentimes produces no equiv- 
alent change in external characters. 

The classification of the varieties of peridotyte as proposed by 
the writer is as follows: 

The i)eridotyte8 composed essentially of olivine are called 
dunyte; while those containing enstatite in addition to the olivine 
are designated as saxanyte. The term Iherzolyte is applied to the 
forms composed of olivine, enstatite, and diallage, and huchneryte 
to the rocks whose essential constituents are olivine, enstatite and 
augite. For the variety composed of olivine and diallage the 
term eidysyte or wherlyte is employed. I have used the term 
eulysite in deference to the law of priority, as that name was 
given to the first described rock belonging to this variety al- 

• Mikroskopiache Phjslographle, 1877, 11, 524-^45. 

t The Iron and Ck>pper DUtricts of Lake Superior, 1880, p. 65. Science, 1883, 1, 127-130 
litholcgieal Stddiea, 1884^ pp. 84-194. 
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though it is far from being a typical one. The original wherlyte 
also is not a characteristic form of this variety, although more 
nearly so than the original eulysyte, but the term wherlyte used 
in rock nomenclature is later than eulysite. Wherlyte also 
comes in conflict with the well-known mineral wherlite which 
has an orthodox standing in mineralogy, and it seems to me ex- 
ceedingly objectionable to incorporate into the forming science 
of petrography the naines of rocks which are identical with those 
of minerals. However, if lithologists as a rule prefer the name 
of wherlyte, sanctioned as it is by the great authority of Eosen- 
busch, I am willing to conform to their usage. For the perido- 
ty tes composed of olivine and augite the term picryte is used. 

The most common form of alteration of the peridotytes is to 
serpentine, but they are sometimes changed to talc or actinolite 
schists, and these names are used for the alteration vaneties of 
peridotyte, so far as they properly belong under these designa- 
tions. For the fragmental forms the terms tufa and porodyte are 
employed according as the fragmental rocks belong to the newer 
or older forms, i. e., the unaltered or altered state. 

The classification of the peridotytes can then be tabulated as 

follows: . 

Peridotyte. 



MiNERALOOICAL VaRIXTIBS. 


Alteration Varibties. 


FR A OMENTAL VARIETIES. 


Dunyte. 

Saxonyte. 

Lherzolyte. 

Bnchneryte. 

Ealysyte or VITberlyte. 

Picryte. 


Serpentine. 
Talc Schist. 
AiBtinolite Schist. 


Tofa. 
Porodyte. 



Macroscopic Characters. 

The macroscopic characters of the terrestrial peridotytes are 
in general as follows, commencing with the dunyte variety: 

They are of a grayish -green or green color, crystalline granular 
in structure, and usually contain more or less dark grains of 
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picotite or some iron ore disseminated thronghoat the mass. 
The first indication of change shows in the coloration, which 
passes from a green to a yellowish-green, yellowish, and to a 
yellowish or rusty brown. The rocks are more or less vitreous 
or greasy in lustre. With increasing alteration, a reddish-brown 
to grayish-brown color predominates; and this finally passes into 
a dark greenish-black to black compact rock, somewhat resem- 
bling the basalts, but of a duller color, of a more resinous lustre, 
and more compact, as well as of a higher specific gravity and 
less hardness. The crystalline granular gronndmass of olivitie or 
serpentine may or may not porphyretically inclose crystals and 
grains of enstatite, diallage, and augite. These minerals usually 
appear as greenish, grayish, or bronze-like crystals and grains 
scattered in the rock. They commonly weather to bronze-like, 
more or less cleavable and platy forms; and even on the fresK 
fracture of some specimens show in certain lights as an irregular 
network, brightly reflecting the light, and holding in its meshes 
the dark greenish altered olivine. The olivine gronndmass when 
altered presents under the lens the appearance of yellowish 
or grayish granules cut and surrounded by a fine reticu- 
lated network of a darker material (serpentine); but when 
the change has progressed further, the gronndmass becomes 
compact and apparently homogeneous. As the more highly 
altered states are reached, the variations in the macroscopic 
appearance become exceedingly numerous; so much so, that 
only a few of them can be mentioned here. The color generally 
is some shade of green, varying from a dark green or greenish 
black to a yellowish green. Sometimes it is reddish (brownish 
or cherry-red), owing to the state of its ferruginous contents. 

Further, in the process of alteration there often results a fissile or 
schistose structure, giving rise to a pseudo-lamination. In part 
this s^ems to be owing to the segregation of chrysotile, serpentine, 
iroitores, dolomite, etc., in approximately parallel lines; and in this 
case the fissility is often only apparent and not real. Sometimes 
the schistosity seems to be due to pressure during the time of al- 
teration. Occasionally the rock has a brecciated or conglomer- 
ate structure, owing to the vein serpentine or dolomite surround- 
ing less altered portions of the rock. With the formation of talc 
or actinolite in these altered peridotytes, the transition to a true 
schist is evinced by various gradations, until a true talc-schist 
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or actinolite-schiBt results. These schists are greenish in their 
normal condition, but often through decomposition of the iron, 
become stained and present a rusty brown and gray aspect, close; 
ly simulating many mica schists. Owing to the production of 
dolomite, there result, in part at least, ophicalcytes and dolo- 
mitic limestones — the purity depending on the amount of altera- 
tion, and on the materials both carried into and removed from 
the rock during the process of alteration. These dolomitic lime- 
stones are usually gray, green, or yellow, but sometimes of quite 
a clear grayish-white color, and crystalline in structure. Of 
necessity, from the mode of origin of the peridotytes and their ex- 
posure to detrital agencies, various detrital or poroditic forms 
must result. Undoubtedly, when they are reconsolidated, it is 
exceedingly difficult to distinguish these true breccias, conglom- 
erates, and sandstones from the pseudo-fragmental forms of sim- 
ilar structure that are produced in this rock species, as in every 
other, by the filling of fissures, or by the dissolving of portions 
of the rock and their replacement by other material, while in- 
terstitial portions of the rock remain in situ. The poroditic forms 
of the peridotytes, so far as now known, are all of a serpentinou- 
character, having been greatly altered; but it is suspected, and 
in many cases claimed, that other forms are of like detrital ori- 
gin; however, conclusive proof of this is still wanting. 

The pyroxene minerals, when occurring, vary in amount of al- 
teration from the porphyritically sprinkled bronze — or copper- 
like crystals to silvery-white, and to grayish and greenish forms, 
which in turn pass into patches of serpentine of a deeper green 
color and more compact texture than the groundmass, but 
which finally become completely blended with, and entirely lost 
in, the serpentine groundmass. Oftentimes the pyroxene min- 
erals are replaced by greenish to whitish talcose material and 
talc scales. In the ftrocess of alteration, segregations of serpen- 
tine, dolomite, magnetite, chromite, etc., occur, giving rise to 
veins of serpentine (chrysotile) and to veins and nodular masses 
of dolomite and iron ores, lying in or traversing the serpentine 
groundmass. However dark the altered peridotytes may be in 
color, the thin splinters, as a rule, are translucent and transmit 
a greenish or yellowish light. The more or less serpentinized 
peridotytes are traversed by fissures, which are most abundant 
in those entirely changed to serpentine. The sides of these- fis- 



25 

snres nsaally are polished or coated with serpentine, talc, etc. 
etc., forming '*slickensides,'' which, it is conceived, may have 
some connection with the chemical alteration of the rock itself. 
Amongst the various forms produced by the extreme changes 
are a yellowish, more or less gummy-looking substance, and a 
grayish, yellowish, to chrome green translucent serpentine. 
While these are oftentimes produced from the alteration of the 
rock in situ, they also appes^* to be formed by migrated serpen- 
tinous material, and in such cases to belong to the vein stones. 
These secondary massive products contain more or less iron ore 
in the form of chromite or magnetite. It is to these nearly pure 
serpentines, which result from the complete change or migration 
of the material, that the term serpentine, as it is used in works on 
mineralogy, properly applies. But from the general and micro- 
scopic characters of the material linownBS serpentine inlithologyy 
it would appear that under that name is placed a mineral of vari> 
able composition, forming a series like feldspar or pyroxene, or 
else several distinct minerals are now so placed. 

Microscopic Characters. 

In giving the microscopic characters of the peridotyte it is 
best ta commence with the dunyte variety as before. 

This variety in the thin section in an unaltered condition con- 
sists of a clear granular mass of fissured olivine grains, which 
are either colorless or slightly tinged yellow or green. Sprinkled 
through the olivine mass are dark to brownish, opaque to trans- 
lucent grains and crystals of chromite or picotite, and magnetite, 
as well as sometimes a few enstatite plates, either colorless or of 
a greenish hue. In the dunytes a gradual change to serpentine 
begins by the production of this mineral along the fissures of the 
olivine, forming a yellowish or greenish network. This change 
goes on until all the olivine grains are completely altered and 
only the network structure remains to tell the mode of alteration; 
while in some cases even the network structure is obliterated 
and no evidence is left to show the original character of the 
rock. In the process of the olivine alteration, the serpentine 
first formed along the fissures has a different color and structure 
from that later produced by the alteration of the interior por- 
tion of the olivine grains. In this way, by observing successive 
variations in the stinicture and color of the serpentine, two and 
4 
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and sometimes three stages in the process of alteration are plainly 
to be seen. Thns while the mode of alteration is conspicaoos in 
the earlier stages, the final result is to produce a pure, dear, 
homogeneous serpentine, of a uniform yellowish or greenish tint, 
or even colorless; in which no trace remains of the original 
stinicture to tell its derivation. These changes have been 
proven by following out the various successive steps in the 
process of alteration, in diflferent portions of the same rock 
ma&s. 

By the gradual addition of enstatite and other minerals, as well 
as by their subsequent disappearance, one passes over the various 
mineralogical varietal forms of peridotyte. The enstatite appears 
as a clear colorless mineral, or else as one slightly tinged with 
green. Sometimes it occupies a subordinate portion of the rock, 
then again it forms the chief portion, holding the olivine inclosed 
in and subordinate to it. The enstatite is sometimes feebly ple- 
ochroic, and shows a well marked longitudinal cleavage; the de- 
velopment of which, instead of forming a smooth fracture, usually 
occasions the tearing of a rough line, with stringy fibres extend- 
ing from one side to the other. Besides the longitudinal cleavage, 
a cross fracture, at right angles to the principal cleavage, is often 
present. 

The diallage possesses characters similar to those of the ensta- 
tite, and generally is undistinguishable from the latter except 
optically, but sometimes it shows two cleavages approaching 
those of augite, breaking the surface into rough irregular 
rhombs, which serve to distinguish the diallage in question 
from enstatite. Again the diallage not only exhibits the longi- 
tudinal cleavage, but also the well-marked prismatic cleavage of 
augite. 

The augite is pale-yellow or brown, shows its characteristic 
prismatic cleavage and is sometimes feebly pleochroic. It occura 
in grains and crystals, and sometimes incloses olivine grains. 

The pyroxene minerals as a rule are less liable to alteration 
than olivine and frequently are determinable after the olivine 
has been entirely changed. The alteration of the enstatite 
usually begins to be conspicuous by the formation of a greenish 
product on its edges and along the cleavage planes. As the 
alteration progresses the pyroxene minerals are transformed into 
a yellowish or grayish serpentinous mass, which may show £^gre- 
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gate polarization, or may retain that of the mineral which it 
replaces. 

In the course of the conversion of the peridotytes into serpen- 
tine the original characters of the rock are g^radnally obliterated 
giving rise to a texture in the serpentine by which its origin can 
be determined. 

But it is found on further change that patches appear in the 
serpentine which show no trace of the mode of formation of the 
serpentine, and that these patches spread until they gradually 
occupy the entire rock mass, yielding specimens whose micro- 
scopic structure gives no clue to their origin. In these extreme 
alterations a more or less schistose structure is o'ft'Cntimes pro- 
duced in the rock, and from this the writer conceives has arisen 
the view that serpentine rocks are derived from schists as well as 
from massive rocks. The absence of the reticulated or mesh 
structure in the serpentine, and the supposed want of chromite 
and picotite appear to be entirely due to the great alteration 
which produces a structure in the rock almost, if not quite, 
identical with that of the serpentine veinstones. The only ap- 
parent difference between the mode of formation of those serpen- 
tines that are homogeneous and the serpentine veinstones, ap- 
pears to be that in one the molecular or chfimical changes have 
taken place in the body of the rock, while in the other a trans- 
ference to a new locality has been superadded. 

A further step in the alteration of the peridotytes, as seen un- 
der the microscope, is the formation of more or less impure dolo- 
mitic rocks usually with included serpentine. In other cases 
the i>endotic minerals are replaced by talc or actinolite giving 
rise to talc or actinolite schists. 

Besides the above products of alteration there may be men- 
tioned amongst the other secondary or alteration products horn- 
blende, smaragdite, quartz, zircon, spinel, garnet, feldspar, 
chlorite, biotite, and various other micaceous minerals and car- 
bonates. 

An interesting group of minerals oc<-urring in the peridotytes 
is that designated by Fouqu6 and L6vy as the spineUida * to in- 
clude spinel proper^ pleonaste, picotite, chromite, and magnetite. 
This term it would be well to extend to all the octahedral com- 
pounds of a protoxide and sesquioxide thus including magnesio- 
ferrite, hercynite, gahnite, franklinite, etc. 

* Mineralogie Micrographie, 1879. pp. 409^20. 
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Of these the characters and relations of the picotite, chromite, 
and magnetite are of the most importance in the case of the 
peridotytes. 

Under the microscope, picotite in its freshest state is a yellow- 
ish — or greenish — brown, clear mineral, which is subject to alter- 
ations causing the color to deepen to a darker brown or muddy 
coffee color and even to a black and opaque mass. The changed 
forms vary from a dull earthy mass to a crystalline-granular one 
which frequently contains more or less magnetite. Commonly 
the more altered the rock is to serpentine.the less likely is one 
to find any of the translucent grains while the magnetite is the 
more abundant. 

Ghromite also in the thin section or in powder varies in color 
from a yellowish brown to a greenish brown and to deeper 
shades of reddish and coffee brown, or to a nearly or quite 
opaque mass. From the best evidence we have at present it is 
probable that picotite and chromite are different states of the 
same mineral, the term picotite being more commonly applied 
to the freshest conditions, and that of chromite to the more al- 
tered states, and to aggregations arising from the migration of 
the chromic oxide during the alteration of the peridotyte. As a 
further extreme in t^ alteration, a change to a more or less com- 
plete magnetite occurs, forming an apparent continuous series 
from the translucent picotite to the opaque magnetite. 

Besides the above mentioned occurrence of magnetite this min- 
eral appears to be formed in the peridotytes as follows: 

In the course of the alteration of the olivine to serpentine 
much magnetite as a black dust or in aggregations of grains 
often occurs, particularly along the borders of the fissures, as 
one of the earlier products of the change; but later the mag- 
netite is either collected into masses of greater or less size or else 
entirely disappears during the succeeding changes. 

For a fuller discussion of the peridotytes, including serpen- 
tine, the reader is referred to the writer's Lithological Studies.* 

While the peridotic rocks are far from being uncommon in 
Minnesota and the regions about Lake Superior, yet in the Min- 
nesota sections that have thus far passed through my hands only 
one has been found to belong to this group. Still it has been 
thought best to give the preceding discussion in order to call 

* Mem. Mu8. Comp. 2k>ologj, 1884, xL Part 1. 
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attention to this series of interesting rocks in the hope that more 
e6i>ecial attention may be given them in the futare in the North- 
west. 

Special Description, 

The only specimen of peridotyte found in the collection dur- 
ing this preliminary examination is No. 349, from the Pipestone 
Bapids, and belongs to the variety serpentine. 

The hand specimen is a compact dark green rock traversed by 
veins of talc and dolomite, and coated in places by a limonitie 
deposit. 

The section shows a pale grayish and yellowish green ground- 
mass traversed by a reticulated network of magnetite, and cut 
by a dolomite vein. The magnetite preserves in part the out- 
lines and fissures of the original olivine grains, while the ground- 
mass itself is composed principally of a pale greenish isotropic* 
serpentine, talc scales, and fibres, and magnetite granules. The 
talc is in single plates and in aggregations of fibres. The gen- 
eral character of the rock is similar to the serpentines of Michi- 
gan, New Jersey, and Massachusetts, f 

The figure of this serpentine given in plate I, Fig. 1, shows- 
pale yellowish irregular masses of serpentine indicating the posi- 
tion of some of the olivine grains. These yellowish patches con- 
tain some iron ores, and are generally surrounded by colorless 
serpentine and irregular bands of magnetite granules. Some of 
the larger aggregations of magnetite are shown. 



THE BASALTS. 
General Description, 

The tachylytic forms of basalt occur mostly as bands or frag- 
ments of rapidly cooled basalt. They generally show on the 
fresh fracture a pitchy to velvet black more or less Instrous^ 
surface. This weathers to a more or less greenish, yellowish, or 
xeddish maas on the surface, while with continued change the 
mass of the tachylyte alters to an earthy brown color. In the 

• LitholQglcal Siadiea, 1884. pp. 79, 128, 129. 

tibid, pp. 136-189, 156, 157, 159, 160; Geology of the Iron and Copi»er Districts of Lake 
Superior, 1880» pp. 60-66. 
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purest and least altered forms tachylyte does not seem to be 
magnetic, but in the devitrified or altered conditions magnetite 
is more or less abundantly developed. Microscopically tachylyte 
appears to exist in its typical state as a pure yellowish glass with 
a more or less brown tint. In proportion to the passage from 
the pure glass towards the condition of basalt, the darker the glass 
becomes and the nearer the tachylyte appraqoBOs the globulitic 
structure of the usual base of the unaltered basaltic rocks. The 
.blackening of the glass is seen in connection with the crystalliza- 
tion of microlites in the magma and is in immediate contact with 
them. It further appears after solidification when incipient devi- 
trification takes place, the glass then becoming darker and even 
black. The passage from the tachylytic stage to the basaltic stage 
proper takes place on account of the greater time of solidifica- 
tion of the basalt which allows microlites and grains' of feldspar, 
augite, and magnetite to be irregularly formed through the glass. 
The number of these crystallizations increase in abundance and 
amount until the rock passes into a true basalt with an intensely 
dark interstitial globulitic base. By the process of secondary 
devitrification the tachylyte becomes discolored, and spherulites 
of a dark brown to black color appear. Feathered forms occur, 
and finally lighter colored spherulites are formed, while the 
glass itself is more or less completely devitrified and affects the 
polarized light, until a transition is made to those common 
altered forms of basaltic glass or tachylyte,* including the 
glassy diabase of Bosenbusch, which are here grouped under the 
name of zirkelyte, in honor of one who has done, so much for 
petrography. In the crystallization of the tachylytic glass from 
the cooling magma, the minerals that crystallize out are depend- 
ent upon various causes, the principal one probably being the 
rate of cooling. Feldspars, usually, plagioclase, are among the 
first to separate out, while olivine or augite may be wanting. 
Magnetite grains are generally present but not always. The 
absence of the corroded or foreign crystals, like olivine, in the 
tachylyte is probably due to the fact of their being borne towards 
the centre of the dike or lava flow as a point of less resistance, 
as suggested by Judd and Cole, f ^ 

* Am. Jour. ?ci., 1884 ,(3) xxvlif, 94-96; Proc. Boat. Soc. Nat. Hist, 1877, xlx, 232,233; 1878 
p. 315. Geology of the Iron and Copper Districts of Lake Superior, 1880, p. 44. 
t Quart. Jour. (ieol. Soc., 1883, xxxix, 454.; 
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The glassy forms of basalt, which have been variously called 
tachylyte, hyalomelane, hydro-tachylyte, sideromelane, basalt- 
glass, etc., appear to be dae simply toi^he rapid congealation of 
a basaltic magma, which with a longer time for solidification 
would have assumed the structure of ordinary basalt. Further 
they form simple narrow bands and crusts on the borders of 
dikes, surfaces of lava flows, and in other positions when the 
solidification has been sudden, but do not seem to exist as large 
masses in connection with modern lava flows, except in some 
eases as the Sandwich Islands. That glassy lavas similar to 
those of Kilauea were formerly erupted in Newfoundland* has 
been already pointed out by the present writer. 

While there appears to be no need of distinguishing these 
basaltic glasses as distinct species, as has been done, or even 
to separate them as varieties of basalt, yet the habits and cus- 
toms of Uthologistsare so strong, that it is thought best t.o 
designate here all these unaltered glasses by a variety name. 
pf all names used that of tachylyte appears to be the oldest and 
best established, while the other designations would seem to 
have been in a great measure abandoned.! Hence tachylyte 
will here be used simply to designate the unaltered glassy basalts 
in general. 

The more altered forms of basaltic or tachylytic glass are those, 

^ich, as a rule, are the pre-tertiary or the older formts of most 

lithologists, and they have here been grouped under the name 

of zirkelyte, as before stated. The least altered form studied by 

the writer is a perfectly black rock which in the thin section 

is composed of a greenish, yellowish, and dark brown glass, 

^hich in places is more or less devitrified, tending to assume 

a spherulitic structure, and slightly aft'ecting polarized light. 

It shows a well-marked fluidal structure and contains a few 

lath -shaped plagioclase crystals, magnetite, and a few pseudo- 

imorphs after olivine which are for the most part colorless and 

show fibrous aggregate polarization. The presence of the olivine 

may be accounted for here by the fact that the glass occupied 

the entire width of the dike-t 

• Am. Jour. Sci., 1884, (3) xxYlli, 94-96. 

t RoMobasch Mikros. Pbys. 1877, ii, 444-447. Neues Jahr. Min. 1882, il, 1-17. Penck, ZeH 
Bent. Geol. Geasell., 1879, xxzi, 521, 522. Judd and Cole. Quart. Jour. Geol. Soc, 1^83, xxxixt 
444-165. 

X Proc. Boat. Soc Nat. Hist., 1878, zix, 315. 
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Other forms of zirkelyte are grayish rocks which in the thin 
section show a grayish altered glass that affects polarized light 
but little. They have sprinkled through them lath-shaped pla- 
gioclases, pseudomorphs after olivine, magnetite grains, and sec- 
ondary crystals of pyrite. The feldspars are partially altered to 
dirty green viridite or colorless micaceous scales. 

In other cases the section shows that the glass has been divit- 
rifled to ^ finely fibrous and globulitic grayish brown material^ 
which shows aggregate polarization. This form contains green- 
ish pseudomorphs after olivine; and also feldspar crystals, which 
for the most part have been replaced by greenish chlorite scales 
and calcite. While part of these feldspars show by their form 
that they were once plagioclases, they give no evidence of this 
fact in polarized light, but show complete aggregate polariza- 
tion. 

Other forms are fine-grained greenish gray rocks weathering 
to a brown color and holding small porphyritic feldspars. The 
groundmass is produced from the devitrification of a former basa-^ 
tic glass and is now composed of a dirty gray fibrous, and gran- 
ular mass. This groundmass encloses numerous minute lath- 
shaped plagioclase crystals, also virditic scales and ferruginous 
granules. A few augite grains and some pseudomorphs aftier 
olivine also occur. 

Still further altered specimens contain calcite and delessite (t) 
amygdules besides pyrite. In the section the groundmass is 
much decomposed and the feldspars are in part obliterated by a 
spherulitic structure due to alteration. The fibres of the 
spherulites show the characters of amphibole. A number of 
pseudomorphs after augite, etc., occur. These pseudomorphs are 
composed of quartz grains implanted on the walls, while the in- 
terior portion is filled with a dirty green delessite (t). The del- 
essite and viridite are irregularly scatt-ered throughout the 
groundmass. 

In the form of basaltic rock nearest that of tachylyte the rock 
is usually brownish black and contains a few secretions of feld- 
spar or olivine grains. In the sections we have a dense black 
globulitic base holding crystals of feldspar and augite, with the 
grains of olivine, although in some cases the latter are wanting. 
The globulitic base is evidently the partially devitrified tachy- 
lytic glass as is rendered evident by tracing in the same hand 
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specimen the gradual passage from one to the other; also b& that 
passage is seen to extend from the surface towards the interior 
it is known to be connected with the greater length of time oc- 
capied in solidification. 

As we pass on towards the still more slowly cooled forms the 
globalitic base becomes less and less abundant, and the mineral 
secretions more and more so until they pass into the anamesitic 
type. The rocks of this type are generally of a black, brownish- 
black, grayish-black or reddish-brown color, and are usually 
somewhat porous and cellular. The cells are generally spherical 
or flat elliptical depending upon the manner and rate of motion 
of that particular part of the rock at the time of its solidification. 
Fluidal and laminated structures are also occasionally seen, the 
latter of which gives to the basalt a schistose appearance. 
Grains of olivine and rarely grains of quartz and feldspar occur. 
Some of these basalts, particularly on the upper surface, are 
scoriaceous and of a reddish-brown color, caused by the change 
of the iron, during the cooling stage, from the ferrous to the fer- 
ric state; although in some cases the change may have taken 
place subsequently. Under a lens the sections show a brown 
or black groundmass with inclusions of feldspar and olivine or 
augite. Under the microscope the sections are seen to be com- 
posed of a globulitic base holding feldspar, augite, and olivine, 
with magnetite. The feldspar has the form which I have called 
basaltic, i. e., small elongated tricUnic twins, several times louger 
than broad, and with fringed and step-like ends. These feldspars 
are frequently of unequal width, on account of the inclusion of the 
base in a wedge-shaped mass penetrating one end of the feldspar 
along the line of twinning. Again little masses of the globulitic 
base are seen scattered all along this plane of twinning. These 
feldspars are usually very clear but their boundaries are often 
indistinct, on account of the interlacing of the feldspathic mat- 
erial with the globulitic base and their gradual passage into one 
another. 

In the midst of these lath-shaped plagioclase feldspars some 
larger tubular forms occur, part of which are triclinic, but some 
of them are probably sanidin. The olivine is in grains and 
rounded crystals which have generally been attacked by the 
molten magma, tongues of which penetrate into the olivine sub- 
Btance. The olivine is often blackened on its edges, and some- 

5 
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times throughoat the entire mass; in the latter ease it is seen to 
be chiefly composed of minute grains and fragments of opacite 
or magnetite; aggregations of these grains are not infrequent, 
and every gi*adation can be traced from the almost unchanged 
olivine, to these little heaps, that are the remnants of the destroyed 
olivine. The crystals are frequently broken and the broken 
parts occasionally blackened on every side, while more or less 
rounded fragments are disseminated throughout the ground- 
mass. That the olivine has been heated and attacked by the 
molten magma is shown only not by the characters given 
above, but also by the fAct that the blackened crystals, when 
found of sufficient size to be completely freed from the ground- 
mass, are quite strongly magnetic, the same as some olivine is 
known to become on heating it before the blowpipe. May not 
this attack of the magma on the olivine be in some measure the 
cause of its rapid and varied alteration, to which it is subject 
after the consolidation of the rockT Only occasionally does the 
olivine bear evidence of crystallization from the magma, while 
the characters given above prove that it is foreign to its present 
position in the great majority of cases. These characters belong 
to the olivine of the old basalts (melaphyrs) as well as to the re- 
cent ones, and is one of the strong proofe of their identity. The 
derivation of this olivine is of course a matter of uncertainty; it 
can be considered to be derived from fragments torn frt>m older 
olivine bearing rocks, or else that the lava, in part at least, was 
derived from the remelting of older basaltic lava, that had cooled 
to the point of crystallization at * the depth at which it then ex- 
isted. Owing to the widespread occurrence of the olivine, and 
its possession of these characters in the earliest (Azoic) as well as 
in the }at«st of the finer grained basaltic rocks, coupled with its 
almost complete absence from the more acidic rocks, and from 
its possessing the same character when it occurs in them, leads 
me to adopt the later view for most of its occurences, f The 
augite is usually in rounded grains but occasionally in crystals; 
it becomes more abundant as the olivine diminishes and in the 
more coarsely crystalline basalts (dolerytes and diabases) as a 



* The generally adopted explanation of M. M. Fouqn^ and L^vy for the corrosion of the 
crystals of olivine, hornblende, quartx, etc., does not appear to the writer to be a correct one. 

t Rosenbusch, Mikros. Phys., 1877, ii, 433; Lehmann, Verhandl. Natur. Bonn., 1874, xxxi, 6; 
Vou Buch, BeschreibunRder Canarischen Inseln, p. 303; Scrope, Volcanoes, 2d edition, p. 119; 
Bischof, Chem. Phys. Geol., 2d edition, ii, 687-«90; Genth, Am. Jour. Sci., 1862, (2), xxxlii, 202. 
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rule it entirely replaces the olivine. It is probable the olivine 
being dissolved in the magma has its substance mixed, with a 
greater or less degree of thoroughness, with it and gives rise to 
the formation of augite; when, however, the dissemination is im- 
perfect, the olivine sometimes recrystallizes. 

Part of the iron in the olivine probably goes to form opacite 
or magnetite, as under the microscope it is impossible to deter- 
mine whether the blackened particles of olivine belong to opacite 
or magnetite; opacite being only a name* given to indicate the 
<]ark ferruginous particles derived from the decomposition of 
minerals. In all cases opacite approaches more or lees near to 
magnetite, if not quite to it, according to the perfection of the 
removal of the chemical constituents except the iron; and much 
of the disseminated magnetite has probably been derived in this 
way. It is well known that part of the analyses of magnetite, 
and most of those of menaccanite show the presence of magnesia 
in these minerals.! 

Quartz occasionally occurs in inclosed rounded crystals and 
fragments, probably derived from other rocks, as its comparative 
rarity, and its general occurrence in those basalts, that from their 
scoriaceous or other characters seem to have formed the surface 
of the flow, would indicate this. • The quartz is, however, par- 
tially dissolved and must have tended to make the magma more 
acidic. It is in general of the same character as the quartz in 
the quartzose varieties of the trachytes, andesytes, and so-called 
propylytes, except in the cases in which it is a product of alter- 
ation or infiltration, or when quartz-bearing basalts have been 
mistaken for these rocks. ^ 

Ko natural division exist between the compact and the ana- 
laesitic and doleritic varieties of basalt, the distinction being a 
purely artificial one; and these terms would not be employed in 
this paper, were it not for their common use in many works for 
the purx>ose of designating the coarser grained basalts. The 
anamesitic and doleritic varieties are usually of a gray, brown, 
or reddish-brown color, often cellular, somewhat crystalline, and 
in general contain more or less olivine visible to the naked eye; 

* Vogelsang, Zelt deat. Geol. Gesell., 1872, xxiv, 530. 

t Rataimelsberg, Handb. Min. Chem ,2d edition, pp. 182, 151; Bischof, Chem. Phys. Geol., 
2d edition, ii, 938; Dana, Mineralogy, 1868, pp. 144, 150; Lithologlcal Studies, p. 183. 

X Bull, MuB. Comp. Zool., 1879, v, 279-287 ; Proc. Boat. Soc. Nat. Hist., 1881, xxl, 260-268; 1883, 
xxii, 422, 428. 
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quartz also is sometimes seen in these as well as in the more 
compact basalts, in the same rounded grains and fragments. 
The thin sections are usually gray or brown in color, and the 
constituent feldspar, olivine, and augite can be readily seen by 
the aid of a glass. 

If we examine with the microscope a series of slides beginning 
with the glassy basalts, and passing towards the dolerytes, we 
shall observe a gradual change in our series : a brownish glass 
replaced by a dark globulitic base holding feldspar, olivine, and 
some augite; again this base gradually diminishes in quantity, 
as the rocks become more and more crystalline, and the augit'C 
and olivine gradually assume the functions of the base. The 
olivine grows less in quantity and the augite more abundant, 
until it replaces all or almost all of the olivine. As the base 
lessens in quantity, the crystals of feldspar generally become 
arranged somewhat at oblique angles to each other, so that they 
hold between them cuniform masses of the base, olivine, augite, 
and magnetite: sometimes one of these substances alone, and 
at others all together. This divergency of the crystals could 
hardly take place except in a somewhat quiescent mass, which 
as well as the coarser crystalline structure, would indicate that 
these varieties are caused simply by the greater Ifpgth of time 
in cooling; other causes may have intervened, sometimes, of 
which at present we know nothing. The augite in the more 
coarsely crystalline of these rocks seldom is in well-formed 
crystals, but is in general in irregular masses dissected by the 
feldspar, and these masses are usually made up of augite grains 
and irregular forms. 

The olivine remains the same in character except perhaps it 
shows more of the serpentinous and ferruginous decomposition 
so characteristic of this mineral.* 

Sanidin is more abundant, and the magnetite is in larger 
grains and in long dash-like forms that are supposed to be quite 
characteristic of titaniferous iron, f 

Some of the basalts contain a felty base but it is unlike the 
felty base of the unaltered andesytes, which is so character- 
istic of them; it occupies a subordinate position in the rock, and 
is probably a fibrous devitrification or alteration product of the 



* .Sen ft, Die Felsgemengtheile, 1868, p. 555. 
t Ilawes, Lithology N. H., 1878, p. 40. 
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common globulitic base, as it is only seen in somewhat altered 
basalts. 

The only cases in which this base will be confounded with that 
of the andesytes is when the andesitic felt has been somewhat 
altered, in which case the other characters must help us to de- 
cide. 

The chief chararcters of the basalts are their generally uniform 
black, brown, gray, or reddish groundmass containing usually 
but few porphyritically inclosed minerals except olivine, with 
occasionally some feldspar and grains of quartz; sometimes they 
are cellular with spherical or flattened cells. Sections of the 
rock under the loupe are of lighter color than the rock, showing 
a groundmass containing olivine, rarely augite, and in the more 
coarsely crystalline basalts, feldspars, which generally lie ob- 
liquely to one another. Under the microscoi)e the esx>ecial char- 
acters are the general coarseness and roughness of the section as 
«t whole, owing to its constituents and their arrangement; the 
globulitic base; the occurrence of olivine; the basaltic form of the 
feldspar; and in anamesitic and doleritic varieties, the divergency 
of the smaller feldspars with the wedge-shaped masses between 
tihem of base, olivine, au^te, and magnetite. This structure can 
l>e considered as an ophitic one passing into a granitic one, as the 
xnore perfect it becomes the less of uncrystalline material is left and 
tihe nearer does it approach the structure of granite; and if we 
could obtain specimens at any considerable depth we should 
probably find that they had entirely crystallized, its last remain- 
ing portions forming cuniform masses of quartz the same as is 
now seen in some of our coarser gabbros, when that quartz is not 
4secondary. Other characters are the great, abundance of plagio- 
<;lase with the corresponding rariety of sanidin, the presence of 
magnetite in crystals, and grains or droplets of augite and olivine 
in the groundmass. In the doleritic and anamesitic forms a char- 
acteristic feature is the presence of irregular masses of augite 
composed of one or many individuals or grains that are cut 
through by the divergent feldspars. There is no one of those 
features but may be absent from a section, and in that case the 
tlecision must be made upon the others; while in the very dense, 
or altered basalts, comes the greatest difficulty in the classifica- 
tion. The globulitic base is here the most important character, 
so far as my observation has gone, as it is never seen fully de- 
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veloped in any rocks except basalts, and farther it is never en- 
tirely wanting in any true and unaltered specimen, * while any 
of the other characters may fail in either direction. 

The order of crystallization of the minerals in basalt is gener- 
ally the following: the olivine, quartz, and probably some of the 
magnetite if not all of it, the picotite, and rarely some others are 
in general of prior origin; while the products of the crystallization 
of the lava are the feldspar, augite, occasionally a little olivine^ 
and perhaps magnetite. The crystallization of the augite and 
feldspar was contemporaneous as regards the section as a whole 
but at any one point, sometimes one and sometimes the other pre- 
ceded; generally, however, the feldspar was the first separation. 

The basalts are subject to alteration to a greater extent than any 
other modern volcanic rocks; the alteration diminishing in amount 
and variability, in order from basalts, andesytes, and trachytes 
on to the rhyolytes, the amount aud variation of the alteration 
being proportioned in some degree to the silica present. The 
color of the altered fine grained basalts is generally a brown^ 
wood and reddish-brown,* red, brownish-yellow, greenish, etc., 
the shades being usually dull. The various alteration products 
are: Yiridite, glauconite, delessite, saponite, serpentine, the 
various zeolites, palagonite, and many others of the intermin- 
able and indeterminable hydrous silicates, feldspars, epidote, 
hornblende, quartz, chalcedony, muscovite, biotite, opal, anhy- 
drous and hydrous ferric oxide, calcite, etc., etc., these alter- 
ations giving rise to many names and so-called species of rocks^ 
as well as to some pungent literature. The cellular basalts have 
their cavities more or less filled with mineral matter, giving rise^ 
when the change has gone for enough, to amygdaloidal rocks 
like the amygdaloids in the vicinity of Boston, and from Lake 
Superior. Further, from changes that occur in the groundmass. 
pseudo-amygdaloidal forms arise, and it is doubtful if these 
forms can in many cases be distinguished from the true amyg- 
daloids, formed from the filling in of pre-existing cavities. Nu- 
merous examples of this can be seen in the vicinity of Boston,, 
where the rock has been quarried away leaving only the compact 
old basalts (melaphyrs), when the quarries were abandoned; 
which compact rock later began to decay and alter, giving 

* Except in Nos. 196, 197 and 198 described bj Zirkel, Microscopical Petrography, 1876»pp 
99, 100. 
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rise to a pseado-amygdaloid filled with green earth, whioh with 
oar present knowledge, could not be distingaished from a true 
amygdaloid, if its origin had not been known. The writer has 
observed this change, especially in one quarry, which of his own 
knowledge, he is aware had not been abandoned over five years, 
and he believes that in this way, by alteratioB, many of the 
rocks called amygdaloids became possessed of this structure, * 
further, that as the mineral matter filling pre-existing cavities 
was derived from the surrounding rock mass, the true and 
pseudo-amygdaloidal characters are usually x^ombined in the 
same rock. The specimens are usually decomposed to some ex- 
tent, often wackenitic, sometimes porphyritic, schistose or foliat- 
ed and possessing that multiplicity of characters to the eye that 
have perplexed geologists since the science of rocks began to be 
studied; these characters are so various that they must be traced 
out in the si)ecial descriptions of such rocks, for no general de- 
scription will cover all cases. 

The sections to the unaided eye, or under the lens, present as 
variable characters as the hand specimens, being of various 
shades of brown, red, green, and yellow, and are compac^ amy- 
gdaloidal, porphyritic, foliated, or earthy, like the rock from 
which they were derived. The microscopic characters of the 
rocks and of the sections are to a greater or less extent basaltic, 
depending upon the amount of alteration, and they form with the 
unaltered basalts a continuous series. 

Under the microscope the sections show the characters of ba- 
salt with more or less obliteration of these characters depending 
upon the amount and kind of alteration. 

The base generally suffers first, becoming devitrified and yield- 
ing quartz, feldspar, viridite, palagonite, and other alteration 
products; the groundmass next undergoes change, yielding quartz, 
chalcedony, opal, feldspar, epidote, serpentine, palagonite, viri- 
dite, chlorite, zeolites, calcite, etc., etc.; and the porphyritically 
inclosed minerals also suffer to a greater or less extent their char, 
acteristic alterations. The olivine is replaced by serpentine, 
quartz, calcite, viridite, and the ferric oxides; the augite by 
viridite, chlorite, biotite, and hornblende, the feldspar by viri- 
dite, kaolin, quartz, and other substances. 

* Wadiworth, Proc Boat. Soc. Nat. Hist., 1877, xix, 283; Pumpellf , Proc. Am. Acad., 1878, 
xUi.269 
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These changes often progress together, the olivine, however, 
hsuaUy being altered in basalts which are otherwise unchanged. 
The feldspar with occasional exceptions is the last mineral to un- 
dergo change in these rocks. The determination of altered basalts 
depends of necessity upon the retention of some of the original 
characters; and upon the knowledge that is possessed by us of 
these and of the alterations to which basaltic rocks are subject. 
The basaltic character and arrangement of the feldspars are 
usually the last characters to be obliterated; although the 
pseudomorphs after olivine, showing the effect produced by the 
magma, are very important distinctive characters when they are 
present; further, the minute rounded grains of augite and of 
olivine, when present, are also important proofe. The less al- 
tered the rocks are and the more characters of unaltered basalts 
they possess the stronger is the proof of their identity. Chemi- 
cal analysis made upon properly selected and thoroughly studied 
specimens would probably aid much in establishing laws for their 
determination. To this class of basalts where the alteration has 
gone far enough to affect the macroscopic characters the term 
melaphyr h^s been given by the writer, for the reason that to 
these rocks this name seems to have been almost universally 
applied, in spite of the numerous definitions that have been 
given to it. 

The chemical and microscQpic analysis of melaphyrs, as well as 
the field relations, that have been published, indicate, that except- 
ing some altered andesytes, which have been called melaphyrs, 
the term melaphyr is generally confined to the group, of fine 
grained altered basalts, even if it does not include all of them. 
Melaphyr I define, therefore, to be simply an altered and, therefore 
generally old, compact basalt. Under melaphyr I include also 
some rocks of a basic nature, whose groundmass is principally 
hornblendic, micaceous, or chloritic, these minerals arising in 
both cases from alteration; as a study of the characters of these 
rocks leads me to believe that they are altered basalts, although 
it is possible that they are altered andesytes, a question which 
chemical analysis at some future day may settle. These forms 
have usually been classed as diorytes (a term much more abused 
at the present time than melaphyr ever has been), also as horn- 
blende, mica, and chlorite schists, forms which the writer has 
claimed for years the old basaltic rocks were altered into. The 
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alteration of the more coarsely crystalline of the basalts ; the 
anamesytic and dolerytic vaiieties, gives rise to rocks colored 
various shades of green, gray, or brown, sometimes weathering 
to an earthy or rusty brown, and showing jointing, closely simu- 
lating stratification and lamination. Some of these, like the 
melaphyrs, have a spheroidal disintegration. In general these 
rocks like the melaphyrs can be distinguished in the field as 
well as in the hand specimens by the skilled petrographer on 
account of the alteration characters they possess; but this does 
not entitle them to be considered as a distinct species of rock, 
but only as an altered •variety of basalt to which they belong. 
The products of alteration in these rocks are chiefly pyrite, 
quaitz, mica, epidote, hornblende, viridite, chlorite, prehnite, 
the zeolites, and calcite. As the more commonly occurring of 
these products are of a greenish shade of color, so in these rocks 
some shade of green predominates, as. the term greenstone so 
commonly applied to them shows. 

When the alteration has progressed far they resemble some- 
times and even become chlorite schists, hornblende schists, mica 
schists, greenish felsytes, greenish limestones, etc. To these al- 
tered basalts in accordance with the general custom the name 
diabase is given, a name holding the same relation to melaphyr 
that doleryte and anamesyte do to basalt when this latter term 
is used in its original meaning for the compact basalts. That 
diabase and melaphyr are but the coarser and finer crystalline 
states of the same rocks was proven by the writer both from 
geological and microscopical researeh in the case of the intrusive 
rocks in the vicinity of Boston. * In one case the edge of a dike 
had the characters of a melaphyr and the interior those of a 
diorjrte, while the dike is believed to be beyond a doubt an old 
basalt. In the coarser parts of some of these diabases horn- 
blende instead of augite abounds, which hornblende is an al- 
tei'ation product chiefly of augite, showing that dioryte and 
diabase are geologically the same, which the writer has believed 
to be universally the case with basic diorytes in which the horn- 
blende is an alteration product; as it always is except in the 
case of a few diorytes which belong to the old andesytes. Thin 
Sections of these rocks show usually green or gray colors, gen- 
erally both together, and under the lens the feldspar is seen to 

• Proc. Bo8t. Soc. Nat. Hl«t. 1877-78, xix, 223-237, 309-316. 
6 
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predominate; its color is generally a grayish or greenish white, 
the crystals being usually divergent and holding between them 
angular and irregular masses of magnetite and menaccanite, also 
augite, chlorite, viridite, and other minierals; the chlorite, viri- 
dite, and hornblende coming from altei*ation of the rock smd 
giving rise to its green color. The sections, when examined 
under the microscope, show to a greater or less degree, accord- 
ing to the amount of alteration, the characters of the dolo- 
rytes and anamesytes as given on previous pages. The feldspar 
becomes changed to some extent, often losing all traces of its- 
polysynthetic twinning, sometimes showing aggregate polariza- 
tion from the alteration to quartz, mica, viridite, chlorite, cal- 
cite, etc. ; but it is Very rarely the case that the original structure 
and arrangement of the feldspars are entirely obliterated. In 
the non-porphyritic diabase, the angular spaces left by the feld- 
spar are filled by the original constituents of the basalt or by 
their alteration products. 

The base, part, and sometimes all, of the augite are replaced 
by viridite, chlorite, mica, hornblende, epidote, prehnite, quartz, 
calcite, and some other products, showing fibrous or aggr^ate 
polarization; but sometimes, as in the case of epidote, prehnite,, 
and quartz, showing the polarization characteristic of an indi- 
vidual crystal. The titaniferous iron is also frequently altered 
to a grayish white product of indefinit'C nature called leucoxene.^ 
In some cases the diabase closely resembles chlorite schist when 
it has not actually been metamorphosed into that rock, while it 
has probably been mist>akeB for it by geologists many times* 
The characters of basalt that remain longest in the diabase, are 
the presence of the remains of augite cut generally by the diver- 
gent feldspars; the lath-shape and divergency of the feldspar; 
and the titaniferous iron with its alteration product. As pyrite 
in the highly altered diabases yields a product of similar micro- 
scopic characters to those of leucoxene, care is to be taken not 
to confound the two. 

Belonging to the diabases, as the writer believes, or has. 
sometimes proved, are certain porphyritic crystalline rocks 
that have suffered much alteration and are usually classed under 
the head of dioryte. The general habit of these rocks is like the 
diabases into which they have often been traced in the field, 

* Rosenbuscb, MikroB. Phys. 1877, ii, 336; 1885, i, 832. 333. 
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showing, however, long hornblendic crystals which under the 
microscope are found generally to be alteration forms usually 
uralitic, but oftentimes of the common brown form; some sec- 
tions showing no augite, while other sections of the same speci- 
mens often contain considerable augite, altered along its edges 
and fissures to hornblende. The specimens contain considerable 
alteration quartz, and the feldspar has its primary characters 
nearly, and often entirely, obliterated. The characters of these 
rocks are so obscure much doubt must remain regarding the 
affinities of some of them, until their relations are more carefully 
studied in the field and less altered and more characteristic 
specimens selected by the petrographer. Some of these rocks 
may belong to the altered andesytes. 

Questions of this kind are very difficult, but it is the duty of 
the lithologist to do all that he can to solve them with the nia- 
terial he has at hand. The more coarsely crystalline of the old 
basalts contain foliated pyroxene with or without olivine, and 
are known as gabbros. They can not be definitely separated from 
the diabases and form part of the same continuous series. The 
minerals occupy the same relative position in these rocks that 
they do in the diabase, the alteration products here being princi- 
pally hornblende, mica, quartz, serpentine, magnetite, and saus- 
surite. The alteration of the feldspar to saussurite gives rise to 
the altered basalt known as euphotide, a name which it would 
be well to dispense with, together with numerous others that only 
lead to confasion in the science. 

FRAGMENTAL BASAXTS. 

Tufa. 

The fragmental basalts are often mixed with other clastic ma- 
terials and also suffer the same alterations as the parent rocks. 
In the mixed clastic tufas it is largely a question of predomi- 
nence of basaltic over any other material that causes them to 
be placed under this head. The color of the basaltic tufas is 
generally grayish, reddish or dark brown; in texture they vary 
from a compact to a friable mass composed of coarse or fine frag- 
ments. 

Each case requires for it an individual description; while in 
the thin sections the basaltic fragments show those characters 
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l>elongiDg to basalts, and the other fragments, the characteristic 
of the rocks to which they belong, thus enabling the skilled ob- 
server to determine each fragment large enough to contain any 
groundmass of the parent rock. 

The student's success in the study of tufas must depend on his 
knowledge of the massive rocks and of their alterations. 

Ab remarked above the tufas are subject to the same alter- 
ations, under like conditions, that their parent rocks are, and these 
alterations are to be studied in like manner. When the change 
has proceeded far enough to induce characters in the fragments, 
like those of melaphyr or diabase or even still greater, or if the 
fragments were originally derived from altered basalts, the result- 
ing rocks are here classed as 

Parodyte. 

The poroditic rocks belonging to the basalts are usually of a 
gray or green color with a massive or schistose structure. They 
are to be distinguished by their fragmental character, often only 
determinable under the microscope. The rock species fi*om 
which they were derived is perhaps never determinable except 
in the thin section and then often only with difficulty, depending 
upon the amount of alteration to which the specimens have 
been subjected. The individual fragments are to be distin- 
:guishedby their retention of the same characters that the altera- 
tion varieties of the basalts have, or the retention of the charac. 
ters of the other rocks, from which any of the fragments may 
have been derived; the earthy cementing material formed by 
the comminution of the fragments is usually of an indetermin- 
able nature, and its composition can only be inferred from the 
included fragments. Certain of these porodytes resemble macro- 
scopically highly altered and very compact diabases, with a 
conchoidal fracture, and have given great trouble in the field be- 
cause their petrological relations and contained fossils indicated 
that they were sedimentary rocks, while their resemblance to 
diabase, from which they were derived, was thought to prove 
the sedimentary origin of all diabases. Many of the porodytes 
are altered to hornblende and other basicschists in which traces 
of their origin remain, usually in the form of the augitic frag- 
ments. From the published analysis it can be inferred that 
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most of the hornblende and chlorite schists, as well as some 
mica schists, which are not altered eruptive rocks, have had a 
like derivation, but that is a subject for further careful investiga- 
tion. As the difference between an altered basaltic and andesitic 
rock is but slight, the distinction between the fragmental poro- 
dytes derived from these two species is a matter in many cases, 
of very great difficulty and uncertainty, depending ofbentimes^ 
upon the form of the augite crystals and fragments, together 
with their inclusions; but occasionally the augites show the 
wedge-shaped form and dissection so marked in the diabases. 
The European basalts are generally more altered than those from 
the western part of the United States, the globulitic base being 
obliterated except in those from active volcanoes, as far as I 
have seen. Many of these European basalts would fall under the 
head of melaphyr or diabase as they have been defined in this 
paper; as would probably nearly all those described by the Eng- 
lish lithologists. The same greater age and alteration seems to 
hold good for all the volcanic rocks on the Atlantic slope of the 
continents, with the exception of those from active volcanoes; to. 
the Pacific slopes we are then to look for the key to the petro- 
graphical history of the globe, which will need to be supple- 
mented by the study of the older and more altered types of the 
Atlantic drainage slopes. In truth the writer does not believe 
that any petrographer can do satisfactory work upon the older 
rocks, until he is thoroughly conversant with the modern and 
unaltered forms, and is able to trace the gradual passages and 
changes of the latter into the former, as both, instead of being 
distinct types, are, according to the present writer, one and the 
same, the only difference between the ancient and modern forms, 
being due to the alteration of the former, and to a more coarsely 
crystalline texture of the latter, owing to the greater depth at 
which the rock solidified, and the longer time occupied in con- 
solidation. 

Taking the various forms which are assumed by the basaltic 
rocks both in their original state and under conditions of altera- 
tion the various modification)^ can perhaps best be classified as. 
follows: 
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Unaltered 
Structural 
VarieUes. 


Unaltered 

Mineralogical 

Varieties. 


Altered 
Structural 
Varieties. 


Altered 

Mineralogical 

Varieties. 


Fragmental 
Varieties. 


Sill 


Taohylyte. 


Basalt. 


Zirkelyte. 


Leucityte. 


Tufa. 


Argillyte. 
Phonolyte. 


Basalt. 


Leucityte. 


Melaphyr. 


Nephellnyte. 


Porodyte. 


Granulyte. 
Amphiboly te. 


Anamesyte. 


Nephellnyte. 


Diabase. 


Dioryte. 




Epidosyte. 
Eklogyte. 


Doleryte. 




Gabbro. 

1 


Syenite. 
Granite. 




Chlorite Schist. 
Hornblende Schist. 
Actinolite Schist. 
Steatyte or TalcSchist 
Mica Schist. 
Gneiss. 



The classification given above of the basalts differs somewhat 
from that given by the author in 1879. At that timeperidotyte 
was placed with the basalts, and he did not employ in the clas- 
sification so many names under the varieties as here, for the rea- 
son that while he was then aware of schistose and granitoid vari- 
eties amongst the altered forms of basalt he had the idea that it 
was better to class these forms under melaphyr, diabase, gabbro, 
etc., a view which in the present state of science it is impracti- 
cable to carry out, and will be for many years, until petrographers 
become more familiar with the changes that rocks undergo sub- 
sequent to their consolidation. 

Many more names could have been employed to indicate the 
alteration or even the mineralogical varieties than have been 
given above, but that seemed unnecessary. The use here of any 
term like granite does not imply that all granites are altered 
basalts, but only that some rocks called granites, etc., are altered 
forms of basalt. 

The term basalt is here used as the specific or generic term in- 
stead of doleryte as suggested by AUport aud Dana, and em- 



ployed by myself in 1877. The cause for this change is the fact 
that the majority of petrographers use the term basalt as the ge- 
neric term, therefore it is better to conform to the general usage 
even if theoretically doleryte is the preferable term. The term 
anamesyte is but little used at the present time being generally 
superseded by the. variety name of basalt, and it is here inserted 
simply to show the structural relations. 

Diabase would include under it the diabase proper of the Ger- 
mans, olivine diabase, and much of the diabase-porphyryte, etc. 
Oabbro is here used to comprise not only gabbro proper but oli- 
vine gabbro, noryt«, olivine noryte, forrellenstein or troctolyte, 
kersantyte, most of the teschenyte, etc. 

Under the terms dioryte, syenyte granite, phonolyte, gneiss, 
granulyte, etc. , are here included only those forms of basaltic rocks 
which on account of their alteration are mineralogically or 
structurally so transformed that they would by lithologists gen- 
erally be classed under those names. The same can be said of 
the use here of the term argillyte and schist, as it is intended 
that under basalt shall come every form or variety which that 
rock can ever assume, but it is not thought necessary to multiply 
indefinitely the list of terms which have at various times been 
employed to indicate all the changes that occur in basaltic 
rocks — as the changes and corresponding names are exceedingly 
numerous — more so for the basalts than for any other group. 
Indeed it may be said that by far the larger number of names in 
lithology have been at some period of their use applied to some 
one of the various mineralogical, structural, or alteration forms 
which basalt assumes. 

GA.BBBO. 

Under the variety name gabbro the writer would place all 
those basaltic rocks which are essentially composed of feldspar 
(nephelitic or leucite), diallage, or rhombic pyroxene and mag- 
netite or menaccanite, as well as all rocks produced by their 
alteration. 

As a rule they are of a coarser grain or more granitoid in 
their structure than the diabases, and it is to these granitoid 
forms that Judd would restrict the name gabbro, and certainly 
macroscopically it will thus be used generally by lithologists as 
it always has been. But the more common use amongst micro- 
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lithologists has been to employ the term to include those basaltic 
rocks in whicK the pyroxeuic constituent was a foliated form. 
However, in more recent times those varieties bearing enstatite 
or hypersthene have been separated into distinct species known 
as noryte and hypersthenyte. These names, however, seem un- 
necessary in the light of the relations established between the 
rhombic and monoclinic pyroxenes, not only between each group 
but also between the members of each group. 

Macroscopically the gabbros are, as a i^ule, much more granit- 
oid in structure, with the feldspar or pyroxene in larger masses, 
and of a grayer or darker color than the diabases — which usu- 
ally show some shade of green. Yet in many cases the two rocks 
are macroscopically undistinguishable-^-a foct that has proved 
to be of more common occurrence in the Minnesota rocks than 
in those of any other region which I have studied. 

The Minnesota gabbros have been studied along two lines, one 
passing from the coarser crystalline forms towards the finer or 
more diabasic types, until a group is reached which is closely al- 
lied to the diabases, while it is often doubtful amongst which 
division the individual specimens belong. 

The second line of study has been to arrange each group ac- 
cording to the less or greater amount of alteration found amongst 
its members. This second division has not been strictly carried 
out but rendered subordinate to the first arrangement. This 
order of study is not in accordance with that chosen by the 
writer for his **Lithological Studies," which were intended to 
detail the results of an extended study of a large series of ancient 
and modern rocks; but it has been chosen as best adapted to 
show the relations between the different members of these old 
Minnesota rocks. 

Although the Minnesota gabbros are of a much finer crystal- 
line texture, as a rule, than those studied by the writer from 
Northern New York, Eastern Massachusetts, San Domingo, and 
elsewhere, yet in general characters they are otherwise similar. 

M(tcro8copic Characters. 

In the Minnesota gabbros, studied by the writer, the least 
altered forms of the most characteristic type commences with a 
coarsely crystalline gray rock composed macroscopically essen- 
tially of gray feldspar plates, holding interstitial masses of mag- 
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netit^,* biotite, etc. In succeeding forms the feldspar is of a 
gray to a milk-white color, while macroscopic diallage appears, 
showing a partial alteration to hornblende, with the distinct 
cleavage of that mineral. The general structure of the coarsely 
crystalline gabbros is granitoid, and as they are more altered, 
the gray tints become darker, passing even to brown or black, 
although greenish tints sometimes prevail. The Duluth gabbro 
is especially variable, being in part composed almost wholly of 
brownish to greenish gray feldspar, often on the fresh fracture 
closely resembling eheolitc In the more altered portions the feld . 
spar has a grayish white or pinkish color andepidote appears in it. 
In subordinate quautitic^s there appear in the rock magnetite, 
amphibole and chalcopyrite. Other specimens of the Duluth 
gabbro are less coai'^ely crystalline, while the alteration of the 
feldspar, with an increasing white or pinkish color, becomes* 
more conspicuous, and yellowish green aggregations of epidottv 
are common. The alteration to epidote is marked by a central 
core of that mineral, surrounded by a band of grayish white feld- 
spar; which in its turn is encompavSsed by a narrow border of 
reddish or pinkish feldspar. Outside of the last band extends 
an irregular and indefinite zone of brownish-gray discolored 
rock. Sometimes the more or less altered, and variously colored 
feklspai-s are irregularly intermingled in the ditferent zones, 
so as to partially or entirely obliterate the banded structure. 
The so-called Rice point granite is the same gabbro, which has 
partaken of the grayish-white and reddish alteration of the feld- 
spars, together with the segregation of the epidote, giving to it 
un appearance closely resembling some coarsely crystalline 
homblendic granites, from whicQi resemblance has arisen its 

common name. 

Other specimens of the Duluth gabbro are finer grained, and 
show macroscopically reddish feldspars, hornblende, epidote, 
and some quartz. Others again have the magnetite abundantly 
developed, so much so that the grayish-black rock has been 
designated an iron ore, which has been mined at Duluth. 
Some specimens from Duluth show the well-known spheroidal 
Or boulder-like decomposition of basaltic rocks. 

In some of the Minnesota gabbros the diallage shows a schil- 

• The term magnetite wiU here be used, for convenience, to designate not only magnetite 
PJtjper, but also menaccanite, awd the intermediate grades of iron ore. 

7 
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lerization like that common to bronzite, and in certain easels 
this alteration is carried so far that the mineral easily cleaves 
into micaceous looking plates, parallel to the basal pinacoid 
(O. OP, 001) of the diallage. 

The more commonly appearing secondary eonstitutents 
of the Minnesota igabbros are hornblende, biotite, quartz, 
and apatite, and in accordance with their relative abund- 
ance is the character of the rock changed. Some forms thus 
arising through alteration are coarsely crystalline grayish-green 
compounds of feldspar, hornblende and magnetite, and others 
are dark or rusty brown, dioritic looking rocks, in which some 
diallage may or may not be distinguished in the midst of the 
secondary hornblende. These forms, when the diallage is nearly 
or entirely wanting, make a more or less normal dioryte and are 
so named by lithologists and geologists generally. The feld- 
spar in these dioritic rocks is usually of a reddish or grayish 
color, the same as it often is in the less altered and more normal 
gabbros. 

A further type of altered gabbro is when we have a coarselj'^ 
crystalline granitoid rock of a pale reddish -brown color, and 
composed of a flesh-colored feldspar, hornblende, with or with- 
out diallage, quartz, apatite, and magnetite giving rise to a 
rock that might well be macroscopically considered to be a nor- 
mal granite. Others have as further secondary minerals biotite 
and calcite. In this connection with the coarsely crystalline 
altered gabbros are placed a series of altered rocks, which are 
regarded by the writer as more extreme cases of the same alter- 
ation, but whose absolute connection in the majority of occur- 
rences cannot be proved with the material at present at the com- 
mand of the writer. Amongst these rocks are crystalline 
gneissoid forms having a banded structure and composed of 
pinkish and grayish feldspar, and hornblende. Others are dark 
gray and greenish -black rocks, composed of gray and reddish 
feldspar, magnetite, and greenish hornblende ; with sometimes 
the addition of quartz, chlorite, and apatite. These rocks are 
placed with the gabbros, although differing in mineral compo- 
sition, on account of their resemblance in structure macroscopi- 
cally and microscopically to the known altered forms of that 
rock. 

Another group of gabbros of somewhat finer crystalline 
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structure than the preceding are yellowish 'gray to dark crystal- 
line rocks, macroscopically composed of feldspar and magnetite. 
In some apatite and pyroxene are seen. 

This brin^ us to the finer grained group of gabbros or those 
which more closely resemble the diabases proper. 

The least altered rocks of this group are grayii^h and of me- 
dium gi-ain. They are composed priucipally of a clear, glassy 
feldspar, holding brownish olivine, diallage, and magnetite. As 
the alteration of these granular rocks progresses, they become 
dark gray, to grayish or rusty brown, and more or less com- 
pact, with the olivine more or less altered to serpentine, and 
with biotite as an accessory mineral. Most of these rocks are 
macroscopically undistinguishable from diabase. 

Other forms appear to be chiefly or entirely composed of feld- 
spar and olivine, thus forming that variety of gabbro known 
as forrellenstein. 

Mii^roscopic Characters. 

% 

In giving the microscopic characters of the Minnesota gab- 
bros the same order will be followed as that taken in giving the 
macroscopic ones. 

The coarser crystalline gabbros are composed of feldspar 
(principally if not entirely plagioclase), diallage, and magnetite. 
These rocks, as we successively progress towards the more al- 
tered types, show a kaolinization of the feldspar, the produc- 
tion of viridite, a brownish coloration of the diallage and the 
development of dark plates and needles which often form a rec- 
tan^lar grating structure in it. Biotite and hornblende begin to 
appear in greater or less abundance, and on further change, 
quartz, orthoclase, and mica scales are formed in the plagioclase, 
thus transformiug the mineralogical character of the rock. 

In some cases the pyroxene is in part altered to biotite, ac- 
tinolite, and chlorite, and the feldspar to quartz, orthoclase, 
chlorite, etc., the change in portions of the section being so 
great that it shows all the characters of a schistose rock, a 
result purely due to alteration, as the gabbro characters of the 
remaining portions show. One type of gabbro, as shown in 
Plate IV, Fig. is composed of fine, rounded grains of diallage 
inclosed in granular feldspar, the whole presenting a structure 
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belonging not to a sedimentary but to a rock which has entirely 
recrystallized after its solidification. All the crystals or masses 
are composed of rounded forms of a number of rounded 
grains, usually but little longer than broad. This form applies 
to the feldspar and magnetite as well as to the diallage. The 
structure may be cungenitJil but I have seen it only in recrys- 
tallized rocks, when any evidence of their history could be ob- 
tained. A further change has set in later as shown by the brown 
biotite on the right hand, and by the green hornblende at the 
bottom of the figure. This change goes so far that portions of 
the section form a perfect dioryte, the diallage being entirely 
altored. 

Besides the various forms of foliated schistose or dioritie gab- 
bro, other types exist in which the rock generally, or the ground- 
• mass, is altered to a confused mass of viridite, ferrite, quartz, 
etc., giving to the rock an eozoon or graphic structure, or when 
the alteration is carried further, the rock becomes changed into 
one that would be styled by lithologists generally a granite. 

Amongst the Minnesota gabbros aresevei'al specimens belong- 
ing to that variety known as forellemtein or troctohjte^ composed 
of feldspar with olivine and sometimes a small amount of diall- 
age. The feldspar is largely clear, with broad polarization 
bands, but sometimes it is cloudy from kaolinization and con- 
tains quartz and other alteration products. The olivine in part 
is unaltered, of a yellowish color and pleochroic, the colors vary- 
. ing from a greenish yellow to a yellowish brown, and a reddish 
brown. Diallage, in small quantities, is present in some of the 
sections and contains magnetite dust. 

The further special discussions are better taken under the 
head of the minerals following: 

Feldspar. 

The feldspar of the Minnesota gabbros is usually in large ir- 
regular masses showing broad polarization bands. Optically it 
appears to belong largely to labradorite and anorthite. In many 
cases the plagioclase is filled with needles and globulites so com- 
monly seen in the feldspar of gabbros; these are for the most 
part arranged pai'allel to the twinning plane, although sometimes 
oblique tp it. Tubular cavities were also observed in lines par- 
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allel with the same plane. Much of the plagioelase is twinned 
by the pericline and albite law; and in one case the ordinary 
twinning could only be seen just at the point of extinction, as the 
writer found was the case with the plagioclase of the Bishopville 
meteorite. * 

The plagiocla«tic twinning has largely been obliterated in many 
cases by the alteration of the feldspar; everj' condition being 
observed between that in which the feldspar shows the striations 
intact to those in which they can be seen in only a few places, 
and to other specimens in which they are nearly or entirely lost. 
The obliteration of the striations takes place largely through the 
kaolinization of the feldspar, and its replacement by ferric oxide, 
Tiridite, micaceous minerals, magnetite^ orthoclase, (luartz, 
epidote, etc. When the kaolinization is carried to any great 
extent the triclinic bands are lost in the aggregate polarization 
produced, and this is true to a greater or less extent when the 
feldspar is replaced by other minerals. 

In some cases when quartz is the replacing 'mineral the stria- 
tion and kaolinized patches are ijreserved intact. This fact was 
observed in the C3se of the altered gabbros or diorytes, 'No, 305, 
from the outlet to North lake, and No. 3:34 from Pipestone Rapids. 
The best occurrence in No. 334 is shown on Plate VIII, Fig. 2. 
In this the apparently cleaved or striated plagioclase crystal, 
partially kaolinized and partially clear is seen in polarized light 
to be composed largely of a homogeneous uniformly polarizing 
quartz; but part is made up of diversely polarizing quartz grains, 
the striations extending from one to another. 

The reddening of the feldspar, or its common reddish color, is 
looked upon here as produced largely if not entirely by altera- 
tion, t which alteration causes a loss of the striated or plagio- 
clastic character, a fact which has also been observed by Irving. J 

In the study of the rocks of the Northwest some difference of 
opinion exists concerning the origin of the viridite or chlorite 
found in the feldspar. My observations indicate that it is gen- 
erally formed from the feldspar itself and this agrees with the 
observations of Pumpellyg and Irving, || while Btrenji:^ and 

♦ Am. Jour. Scl., 1883 (3), xxvi. 34; Llthologlcal Studies. ISKi. p. 200. 
t Geology of the Iron and Copper Districts of Lake Superior, 1880, pp. 55, 50 
X Geol. Wi«c.l880, iii, 171 ; Copper-beariug Rocks, lSS;i, pp. 003, 022. 
g Proc. Am. Acad. 1878, xiii. 270-, 25»0. 
I Geol. Wise. 1880, iii, 169. 
^ Arm. Rep. Minn. 1882, xi, 45, 46. 
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Jnlien* look iiponjt as an infiltration from the adjacent pyrox- 
ene. Wichmann j also describes cases in which it is an in infilt- 
ration, bnt in other examples he looks upon the viridite as a 
product from the alteration of the feldspar. 

The replacement of the plagioclase by orthoclase is one of the 
steps in the alteration of the gabbro rocks; and Irving's ortho- 
clase gabbros do not appear to be a distinct group of rocks but 
merely an altered condition. This is indicated by Ir\ ing\s own 
observations that the orthoclase is more or less clouded, redden- 
ed, and charged with secondary quartz; while it always appears 
' as of later crystallization than the plagioclase, conforming to the 
contours of the latter mineral. The production of the ortho- 
clase gabbros by alteration is further indicated by the fact 
pointed out by Irving, that their specific gravity X is less than 
that of the gabbros free from orthoclase. ^ 

Other evidences that these gabbros are simply alteration or 
nietamorphic states of the ordinary gabbro, is the uralitic con- 
dition of the pyroxene, the presence of biotite, which is rare in 
the orthoclase free forms of Irving, the presence of apatite crys- 
tals, and the larger amount of titanic acid in the magnetite, with 
the **leucoxene" alteration. 

DiaUa(/e. 

The diallage is colored black to greenish black, and has a 
lustre varying from vitreous to resinous. The greenish color 
appears to be owing to an incipient alteration to hornblende; 
and when the change has progressed far the mineral becomes of 
a greenish to brownish black color and has both the fibrous 
structure and cleavage of amphibole, the rocks thus showing 
the characters of coarse grainc^d diorytes. Some biotite also' 
appears in connection with the progressing alteration. 

Microscopically, diallage is seen to be in irregular masses of a 
pale yellowish or greenish tint, in the least altered state, but on 
the commencement of visible alteration it assumes a brownish 
color, and the usual inclusions of a dark brown to black color 
are seen. These inclusions appear in the Minnesota gabbros to 

* Geol. Wise. 1880, iii, 228. 

t Geol. Wise. 1880, iii, 603, G22, 623. 

I Litbological Studies, 18-4, pp. 79, SO, isO, 187. 

^ Cop per- bearing Kocks. 1883, pp. 50, 51. 
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always arise from the alteration of the diallage and are never 
primary; while in a large majority of cases they evidently are 
magnetite or menaccanite, * which has been precipitated daring 
the changing proceiss/ Further change in the diallage leads to 
the macroseopical metalloid appearance known as schillerization; 
and when this change has been carried still further, a strongly 
marked micaceous lamination appears in the diallage parallel 
to the basal piuacoid, which causes the mineral to be often mis- 
taken microscopi evilly for mica. 

The relation of the cleavage of diallage to that of augite is a 
matter of considerable importance, sinc^ on this turns all the 
distinction between the gabbros and diabases, except that part 
of the former are more coarsely crystalline latter. 

Bischof early held that diallage was formed from the altera- 
tion of augite. t Koth also holds the same view and claims that 
there is no essential distinction between the two varieties of 
pyroxene. J Rosenbusch says that a continuous series extends 
between the typical augite and the typical diallage, and that in 
general no real distinction exists between these two varieties 
of pyroxene, gabbro being in substance only an appendix to the 
diabase roeks.§ 

Hawes, after studying the Xew Hampshire rocks, stated : ' ' The 
unessential nature of the distinction between diallage and 
augite, and the identification of all the intermediate structural 
varieties between the most typical specimens of the two miner- 
als, makes more forcible what was previously said in regard to 
this rock (p. 149), that when strict rules are applied it can only 
be classified as a variety of diabase.'' || 

Irving uses the term ** gabbro and diabase, olivine gabbro, 
and olivine-diabase, all free from orthoclase'' to include the 
coai-se grained basic rocks without distinction as to whether 
they carry diallage or augite, statiftg that **the distinction be- 
tween diallage and augite is a valueless one, since not only are 
both often found in the same section, but every gradation is 
found in rocks of this class from augite to diallage." Irving 
groups the above rocks into one set, while under the coarse 



* Rosenbusch, Mikros. Phys. 1885, i,399. 

t Elements of Chemical and Physical Geology, IS'a, ii, 333, 334. 

t Chem. Geol., 1879, i, 10 ; see also Senft., Die Krys. Fels. 1868, p. 669. 

^ Mikros. Phys. 1877, ii, 327-330, 459-474. 

I Miu. Lith. N H., 1878, pp. 166, 167. 
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grained jrocks are also placed in distinct groups, orthoclase-bear- 
inggabbro ; hornblende-gabbro, and anorthite rock.* 

A further proof of the close relationship of augite is the case 
cited by Eutley, of specimens presented' by him for examina- 
tion, both to Eosenbusch and Eenard, who found themselves un- 
able to agree, one considering the mineral to be augite, and the 
other holding that it was diallage.f 

Julian likewise holds that diallage results from the alteration 
of augite. t 

The same view was taken by Pumpelly at the same time.§ 

Judd has recently given quite a full discussion of the subject, 
stating that ** both the green augites (diopside) and the black 
varieties (common augit^) of the Western Isles of Scotland are 
found, when traced into the more deeply seated masses, to pass 
gradually into the * Schiller' varieties, known as diallage and 
pseudo hypersthene. That this is the result of a secondary 
modification, is proved by the fact that the alteration of the 
crystals is seen in many cases to be confined to their outer por- 
tions, so that a nucleus of ordinary augite is surrounded by a 
shell of diallage; in other cases the alteration of the augite into 
diallage is seen to take place along cracks, due to cleavage or 
other causes, which intersect the crystal; in other cases, again, 
the alteration into diallage is found to occur in irregular 
patches within the augite, though the cause of the distribution 
of these altered patches may not be manifest from a study of 
the thin section. Although the alteration of the augite may be 
set up along the cleavage-cracks of the crystals, yet the 
position of the brown inclosures bears no relation to the 
principal (prismatic) planes of cleavage in the mineral. 
On the contrary, the inclosures appear to be developed in 
planes parallel to the orthopinacoid planes, in which only a 
very imperfect cleavage exists in augite. In the island of Eum, 
the augite; though exhibiting the fii^t traces of the develop- 
ment of the structure, which is characteristic of diallage, is 
seldom so far altered )as to deserve being called by that name 
In the larger igneous masses of Mull, the augite in all the cen. 
tral portions is in the condition of diallage, as was pointed out 

* Copper-bearing Rocks, l!>S3. pp. 30, 37. 

t The Eruptive Rocks of Brent Tor, 187.S, pp. 3S, 40 

X Geol. Wise, 188'), iii.23f,. 

§ Ibid p. 42. 
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"by Zirkel. Between rocks iu which the aiigite is entirely un- 
altered, and those in which it is completely transformed into 
diallage, every i)0ssible transition may be found." * 

That the cleavage of diallage is congenital seems to the writer 
to be true for some cases, since he has observed it well developed 
iu the diallage of met'Corites which showed no evidence of alter- 
ation, t 

But his investigations on the diallage bearing peridotytes con- 
vinced him that no real difference existed between augite and 
diallage but that the two formed a continuous series. J 

Besides the normal diallage with its original cleavage, there oc- 
curs another form in the Minnesota gabbros whose cleavage 
arises solely from alteration of distinct and well-marked augites, 
thus confirming the view of those observers who have held that 
diallage is an alteration form of augite, i. e., this is true for dial- 
lage in part of its occurrences, but not for all. 

Fig. 1, Plate VII, illustrates the relation of the augite 
cleavage to the secondary cleavage of the diallage. The augite 
cleavage runs lengthwise of the crystal or vertically in the figure, 
while the secondary diallage cleavage extends from left to right 
and right to left, extending inwards from the exterior, leaving 
patches of the unaltered augite included. The alteration to 
diallage is accompanied by an entire obliteration of the augitic 
or longitudinal cleavage. The diallage itself passes into a viri- 
ditic substance, which in its turn has i)assed into a brown horn- 
blende — the alteration being seen to increase in completeness as 
it is studied from the centre outwards, its it began on the edges 
first. Although the cleavage of the diallage and the fibrous 
structure of the viridite are arranged at right angles to the 
cleavage of the augite, the hornblende cleavage is parallel with 
that of the augite. Xeither the diallage nor the hornblende cor- 
respond in orientation with thefiugite, yet the hornblende in the 
detiiched patches on both sides of the augite shows optically 
that it is the same crystal; thus indicating that had the alteration 
progressed to completeness tlfere wt)uld have resulted a homo- 
geneous brown hornblende individual. 

Fig. 2, Plate VI, shows the development of the diallage 
cleavage to such an extent as to produce schillerization, or a fib- 

* Quart. Jour. Geol. Soc.. 1S8."., pp. T.TS, 37!). 
t Llthological .SluiUe!«, 1884, pp. 94-101; 167. 
X I bill,]). 16U. 
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rous structure with clear intact patches. This diallage is evi- 
dently a secondary concretionary product in the rock, which 
mineral shows subsequent alteration. 

Plate VII, Fig. 2, shows a core of diallage surrounded by a 
greenish viridite which penetrateis along the fissures. The vir- 
idite on its exterior passes into a yellowish green hornblende. 

Plate VIII, Fig. 1, represents a diallage core which is much 
altered and surrounded by a green hornblende arising from the 
alteration of the diallage. Scales of this hornblende are abun- 
dant in the diallage core. This hornblende ptisses on the outer 
edge into a brown hornblende with the well-marked prismatic 
amphibole cleavage; it also passes into a reddish-brown biotite 
associated with magnetite and yellowish epidote. 

Plate I, Fig. 2, shows at the upper left hand a diallage crystal 
partially altered and filled with secondary magnetite. The por- 
tion of diallage above that shown in the figure is relatively clear 
and unaltered, but below the i^ortion containing magnetite, it 
passes into chlorite, and the rock here has a radiated fibrous 
structure and possesses the characters of a chlorite schist bearing^ 
magnetite. 

Plate IV, Fig. 2, illustrates the formation of brown biotite 
in diallage from the alteration of the diallage itself. This biotite 
is formed approximately along the fissure and cleavage planes 
of the diallage. 

Jndd apparently looks upon schillerization as dependent upon 
and due to the depth of the rock during its solidification,* but 
this hardly seems correct for the cases observed in the Minnesota 
gaV)bros. 

The fine Striations described by Williams, f traversing irregu- 
larly crystals of diallage,are doubtless produced the same as those 
observed on the biotite in some of the Minnesota sections, i. e. 
by the pressure and grooving produced by the corundum used in 
grinding the section, which changed the molecular condition 
along the ground lines. 

Amongst the alteration products of diallage observed by the 
writer in the Minnesota gabbros are viridite, chlorite, biotite^ 
matted masses of actinolite and biotite. green and brown horn- 
blende, magnetite, both in dust and needles, etc. 



* gua t. Jour, fieol. Soc, I880, pp. 3S6-3.H9. 
t Hull. v. .S. tieol. Sur, 18^0, p. 22. 
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Similar alterations have been observed in the rocks of the 
Northwest by Streng, Pumpelly, Irving, Wichmann, Wright, 
and Julian, From the alteration of the diallage gabbros pass 
from the normal form into ghlorite schists, diorytes, and with 
alteration of other minerals in the rocks, into syenytes and horn- 
blende and biotite granites, gneisses, etc. 

Enstatite. 

Enstatite is not an abundant mineral in the Minnesota gabbros 
studied by the writer, and its characters are best given by refer- 
ence to special cases. In the rock. No. 787, found on the south 
slope of the Mesabi range the enstatite is of a brownish color in- 
dicating the commencement of alteration, and which is further 
shown by the development in it of fine smoky ferruginous bands, 
which are paralled to the principal cleavage. The enstatite, as 
shown in Plate III, Fig. 1, is built out upon the olivine or forms 
a ring surrounding that mineral. Yet the enstatite but rarely 
corresponds with the olivine in optical orientation. 

In the rock coming on the south shore of Little Lake, No. 692, 
the large irregular masses of diallage inclose rounded and irregu- 
lar patches of enstatite, as shown in Fig. 2, Plate II. This 
enstatite is cloudy from the secondary magnetite dnst and needles 
developed in it. 

The rock from the second island east of Beaver bay, No. l.'^.S,. 

hjis as.its pyroxenic constituent a clear pale brown enstatite,. 

which is much fissured and, except optically, is identical with 

Common augite. It is in irregular masses cut by the feldspar 

cryst^ils. On its edges and the borders of the fissure it shows 

the fine parallel secondary cleavage of enstatite which is identi- 

Oal with the secondary diallage cleavage occuring so commonly 

in the pyroxene of the Minnesota gabbros (see Plate IF, Fig. 1.) 

The enstatite in a rock from Silver islet. No. 595, closely ap- 

l^roaches Judd's proto-bronzite. This enstatite is altered both 

tii-o a dull dark green bastite, and to biotite. 

Although a few of the Minnesota gabbros have as their py- 
x*oxenic constituent enstatite alone, while othera contain enstatite 
Xn association with diallage, it h'.us not seemed best to employ 
t:he term noryite, which is now generally used for the enstatite 
fcearing gabbros. The reason is that the enstatite does not make 
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any essential difference in the rock, thus rendering the distinc- 
tion of noryte fronr gabbro a purely microscopical one, and in- 
troduces a t^rm which only renders lithology just so much more 
of a stumbling block to geologists than she now is. Judd's ob- 
servations, indeed, make it evident that in the field there is no 
distinction between the norytes and gabbros, but that they are 
one and the same rock. Of course the petrographer, who bases 
his divisions on a mineralogical system, must, for consistency, 
use the term noryte, since the mineralogical composition of the 
rock has changed, although the rock itself has not. The writer 
may be charged also with inconsistency in thus rejecting 
the term noryte, when in the peridoty tes he has not only adopted 
names based on the mineralogical characters alone, but even prot 
posed some. The reason for using those names, as explained in 
the ^'Lithological Studies." was to render the work as consonant 
as possible with that of other petrographers, and so the variety 
names were used, although looked upon as non-essential. Further, 
the nomenclature of the peridotytes was microscopical, as it had 
sprung up mainly since the use of the microscope in lithology, 
and had pjissed into general use, while nomenclature of the 
basaltic rocks is largely of older origin, and origi nail j- based chiefly 
on physical characters, however much the mineralogical element 
may have been supposed to enter into the pames. Hence 
it would seem unnecessary to inflict upon the geologist any 
greater multiplicity of names than fibsolutely necessary, of forms 
having no macroscopic distinction, in a group rocks in which 
the nomenclature is already so burdensome as it is in the basalts. 

Oftriue. 

The olivine in the Minnesota gabbros is clear or yellowish 
green in the unaltered condition, but is largely altered to a dark 
reddish, brownish, or yellowish serpentine, and to dark brown 
to black ferruginous products. The common mode of alteration 
of the olivine has been often describLHl. Itsserpentinezatiou usu- 
ally l>egins along the border of the fissures of the olivine grain and 
on its periphery, forming on each edge a narrow band of serpentine 
(chrysotile) with the fibres standing at right angles to the edge. 
As a further stage in the alteration there is formed inside of the 
chrysotile bands an interior band of clear serpentine, containing 
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the remains of the unchanged olivine, which in its turn passses 
into serpentine. Olivine crystals can usually be found in every 
stage of this alteration, while in many cases only one or two 
steps in the process are visible, the fissure lines and the last 
altering interior portions being only distinguishable by contrast 
in structure. Frequently magnetite is precipitated in black 
bands or g<ains marking principally the fissure structure, but 
(luring the later process of alteration the magnetite is often dis- 
solved. In the extreme alterations all traces of the mode of for- 
matation of the serpentine disappear, and the olivine j^seudo 
morph becomes a homogenious serpentine or else the olivine is 
replaced by quartz, calcite, limonite, ferrite, opacite, hematite, 
magnetite, etc., according to the conditions under which the 
alteration and replacement has proceeded. 

In one case a very peculiar form of alteration of olivine to ser- 
pentine was observed. In the earlier stages black and brown 
plates and needles have separated out. These for the most part 
are arranged parallel to the macrodiagonal, although a few are at 
right angles to it. The olivine further shows two well marked 
cleavages corresponding to the macro- and brachy-diagonals or 
to the arrangement of the schillerization plates, and the alteration 
is greatest as a rule on the brachy-diagonal lines. Thus in the 
more highly altered olivines is presented an elongated crystal 
crossed by alternating bands of serpentine and olivine. In some 
cases the alteration bands are parallel to the macrodiagonal, 
while in others the entire crystal is altered to fine parallel ser- 
pentine bands. See Plate VII, Fig. 2. 

The olivine in some of the forrellensteins of Minnesota shows a 
well marked pleochroism, the colors varying from greenish yel- 
low to yellowish brown, and reddish brown. 

In the coarser or more granitoid gabbros no unchanged olivine 
has been seen in the Minnesota rocks by the writer, and the dis- 
tinguishable alteration forms in only a few cases, except in the 
forrellensteins, but in the finer grained gabbros olivine and its 
pseudomorphs are veiy common. 

Fig. 1, Plate V, shows the structure of the nearly unaltered 
olivine in the forrellenstein traversed by fissures and a few bands 
of greenish serpentine. Fig. 2 of the same section shows the 
olivine altered to a reddish brown and yellowish serpentine ex- 
cepting numerous grains lying in the plexus of serpentine formed 
along the fissures and contours of the olivine. 
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Fig. 1. Plate III, incidentally shows the form of olivine and 
its partial alteration in a Minnesota gabbro (olivine noryte). 

Judd opposes the division of the gabbros into *' olivine gabbros" 
and into ** olivine free gabbros '^ and the present writer would 
agree with him, for it is contrary to every principle of true 
jscience to define anything by what it is not, as the terms "olivine 
free , " * ' feldspar free , " * * quartz free ' ' do. No term is proper in 
any science unless it designates the thing that it is and not the 
thing it is not; further, such terms are exceedingly awkward 
and do violence to the construction of the English language, how- 
ever x>roper they may be in the German. Judd states: **I have 
shown that in most cases where olivine is thought to be absent 
from these rocks it has really been altered into magnetite or ser- 
pentine. I believe that all the gabbros in their unaltered con- 
dition contained olivine, though in very varying proportions; 
and that in the few cases where we find a rock of this class in 
w^hich olivine is not represented as an original constituent it 
should be classed with the eucrytes.'^^ 

The writer's experience agrees in a great m^easure with that of 
professor Judd, as in the Minnesota gabbros, in the more highly 
altered and more coarsely crystalline forms, but little olivine can 
be found, even recognizable by its pseudomorphs. This is what 
would naturally be expected since the olivine would be most 
readily obliterated in the coarsely crystalline rocks and would 
have less distinctive contours whereby its pseudomorphs might 
"be distinguished. In the majority of the finer grained gabbros 
•olivine or its marked alteration forms are commonly seen until 
the rock alteration has proceeded to an extreme degree. How- 
ever, the absence of olivine in the gabbros I would not in all 
-cases attribute to alteration, but to the local variations in the ba- 
saltic rocks the same as the writer pointed out in 1879, indi- 
cating that olivine may not be present in a rock which is a gen- 
uine tertiary basnlt, and from which the olivine could not have 
been removed by alteration as the rock was unaltered. The ex- 
planation of this variation in the presence of olivine naturally 
foMows from the claim put forth in that paper, and mentioned in 
this article, that olivine in almost every case, if not in every one, 
was not the direct product of crystallization from the basaltic 
magma, but was a foreign mineral which had been more or less 

* Quart. Jour. Geol. Soc., 1886, p. 62. 
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dissolved by the corrosive action of the.heated magma. This so- 
lution of .the olivine material, when perfect, removed every trace 
of olivine from the rock, and every gradation was traced by the 
writer between that state and those in which the olivine was ex- 
ceedingly abundant. The evidence in behalf of this view was in 
part the rounded, gnawed, fractured, and penetrated forms of 
the olivine grains, their being blackened on the edges and 
rendered magnetic, by tracing the various stages until there 
was found to be only a few remains of ferrite or opacite grains to 
indicate the disappeared olivine, and lastly by the fact that the 
augite was in an inverse proportion to the olivine, and was so 
associated with it as to render it probable that the augite result- 
ed from the crystallization of a portion of the olivine material 
united with the magma.* 

A still further reason for belies ing that olivine is not always a 
constituent of teirestrial gabbros is the fact that it is not always 
present in the meteoric gabbros from which by no possibility 
could it have been removed by alteration, t 

I have discarded the name of olivine gabhro and olivine free 
gahhro^ not so much from the fact that in many, if riot in 
most gabbros, the olivine free state is brought about by the 
replacement of the olivine by secondary products ; but be- 
cause the presence or absence of the olivine makes no essential 
diflTerence in the charter of the rock, and the distinction is a 
trivial one, unless the lithologist is working from a i>urely min- 
eralogical standpoint. 

Muf/neiife. 

• 

The magnetite often presents the velvet black color with the 

brilliant sub-metallic lustre characteristic of most menaccanites 

and some magnetites, and closely approaching that of chroniite. J 

In local modifications of gabbro, the magnetite predominates 

to such an extent over the other minerals that it is mined 

as an iron ore. The quantity of this ore is very great, and a 

number of mines exist upon it at various localities — the only 

apparent limit to its being extensively mined is owing to the 

titaniferous nature of the ore. Attention was called to the 



♦ On the Classification of Rocks, Bull. Mus. Couip. Zool., 1879, v, 278, 279. 
t Lithologieal Studies, I8'i4. pp. 196-iOG. 
X Litliologica I Studies, 1S84, pp. 178, 18a. 



64 

eruptive nature of these iron deposits by Prof. N. H. Win- 
chell, in the annual report for 1881, page 80: and later by 
Irving, in 1883, in the *' Copper-bearing Rocks,'^ page 51. Since 
this ore is simply a local modification of the eruptive gabbro, 
we have here at least an occurrence of eruptive iron ore, even 
if it has been strenuously denied that any iron ores of such an 
origin exists on the globe. 

The term magnetite is employed generally in this work for tlfe 
iron ore, whether it is pure magnetite or titaniferous bearing mag- 
netite or menaccjinite. The.se ores generally seem to be titanifer- 
ous magnetite,* the titanium varying from a minute amount up 
to 12 per cent or higher. Hexagonal crystals of menaccanite 
were seen by the writer, although they were evidently of sec- 
ondary origin in the rock, while he has observed considerable 
leucoxene in connection with the iron ore, particularly in the 
diabases. In some cases the iron ore forms black rectangular or 
oblique gratings in the leucoxene. having angles of 90®, 71® and 
109® approximately. Magnetite is commonly produced during 
the alteration of olivine, diallage, enstatite, and augite ; and also 
from any of the iron-bearing minerals, when acted upon by the 
molten magma. The magnetite secreted during the alteration 
of the minerals is later absorbed or united with other mineral mat- 
ter, or else becomes aggregated into heajjs of grains or into a 
crystalline grain or mass. Magnetite in partially altered rocks 
is often surrounded by ferruginous material, or by clear fibrous 
polarizing substance, or more commonly by a deep reddish 
brown biotite. This biotite is evidently formed from the mag- 
netite with associated feldspathic material during the process of 
the alteration. .More rarely the mineral associated with the 
magnetite, out of which the biotite is formed, is pyroxene. 

Attention was early called by Hawes to this association of 
biotite and magnetite, and one case was figured by him in his 
mineralogy and lithology of Xew Hampshire, 1878, page 205 
and Fig. 6, Plate XI. He stated that ^* almost every one of the 
larger grains of the titanic or magnetic iron is surrounded by 
folire of biotite radially arranged in fan shapes, with the iron 
oxide as a nucleus. * * * It is possible that the mica scales 
grouped themselves about the grain while the rock was plastic, 
or that they were formed there by a reaction between the sili- 

* Ann. Report Minn., 1881, x., 81 ; Copper-bearing Rocks, 1883, pp. 41,42, 51, 52. 



caters and the iron oxide. This is no isolated occurrence. In 
our gabbro the biotite and iron oxide are almost always associat- 
ed, and I think that the mica was formed bj^ a reaction in 
which the iron oxide took part, and therefore the minerals are 
thus associated/' 

Attention was later called to the association of biotite with 
magnetite by Pumpelly* and Irving, t although neitht^r offer 
anV explanation of its origin. 

In 1884 the writer gave figures showing this association of 
secondary biotite with magnetite in the Cumberlandyte or iron 
ore of Taberg, Sweden, and like formation of biotite in the 
Cumberland j-te from Ehode Island, was also pointed out.J: 

Sometimes the magnetite is seen to otter a ba«e, or nucleus, 
about which the pyroxene has crystallized as a centre. Occasion- 
ally in the altered rocks it is seen to be surrounded by pyrite, 
which also interpenetrates the fissures of the magnetite. 

Fig. 2, Plate I, shows the formation of secondary magne- 
tite in pyroxene and in chlorite schist. Plate III, Figs. 1 and 
2 show the secondary biotite formed in connection with magne- 
tite, while the same thing is shown on a larger scale in Plate VI, 
Fig. 1. Figs. 1 and 2, Plate X, show the formation of magne- 
tite through the partial destruction of foreign hornblendes in 
andesite by the molten magma. 

Biotite. 

Biotite, so far as observed, is always a secondary or alteration 
product in the Minnesota gabbros. Its usual colors are green, 
yellowish brown or deep reddish brown, according to its stage 
of alteration and the conditions under which it has been formed, 
the darker color existing particularly when well formed>f[ asso- 
ciation with magnetite. It exists in the gabbros in plafes. scales, 
fibres, and in crystals showing eleJivage and marked i)leo- 
chroism. 

Secondary biotite often exists, forming a fibrous border or well 
defined scales or crystals about magnetite, to which attention has 
l>een more fully called under that mineral. 

Biotite is produced during the alteration of the rhombic and 

• C4eoI. Wise. 1880, lii, 3S. 

t Copper*beariDg Kocks, 1SS3, p. 51. 

J Lithological Studies, 1884, pp. 77, 81 ; Plate II, Figs. 2 and 3. 
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monoclinic pyroxenes, feldspar, olivine, and hornblende, and is a 
common alteration product in the Minnesota gabbros. 

Some of the sections show in the biotite an irregular cross 
banding, cutting the cleavage planes at a slight angle. It is in- 
distinct in common light. The same indistinctness exists if the 
section is studieil when placed right side up over the polarizer, 
but if the section is reversed, the banding is very distinct bpth 
in common light and when placed over the polarizer. 

Between crossed nicols the banding is clearly defined whether 
the section is placed right side up or reversed, but in the fii*st 
case it is when placed parallel to the plane of vibration of 
the lower nicol, and in the second case when at right angles 
to it. This striation structure is attributed to the action of 
the corundum used in grinding the section, which has grooved 
the biotite and altered the molecular tension along the grooved 
lines. This furrowing is upon the back or underside of the sec- 
tion. To the same grooving by corundum is attributed the 
banding of diallage described by Williams, which is referred 
to under the head of that mineral (ante , page 00). 

Plate III, Fig. 2, shows the formation of biotite from the alter- 
ation of pyroxene. Fig. 1, of Plate IV, shows, on the lower right 
hand, a secondary biotite formed by the alteration of the py- 
roxene grains in the section. Fig. 2 of the same plate shows the 
formation of biotite along the fissures and cleavage planes of 
diallage. The formation of secondary biotite in connection with 
secondary hornblende is shown in Fig. 1, Plate VIII. 

Biotite was also observed in the feldspar of the Minnesota 
rocks forming thin plates and needles arranged parallel to the 
twinning and other crystallographic planes. The mode of occur- 
rence is much like that seen in aventurine feldspar. 

HornbloKle, 

All the hornblende seen in the gabbros of the Northwest is 
believed by the author to be secondary, as he ^^as generally % 
claimed it to be in the majority of cases in the basic rocks which 
he has studied since he commenced his petrographical work. In 
color, it varies from a light or j-ellowish green to a dark brown 
or yellowish brown — the darker stages b<»ing simply the more 
perfected condition of the greener or uralitic stage. 

The production of the hornblende from pyroxene has been 
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figured in a number of plates in this work and attention called 
to the occurences under the head of diallage, to which the reader 
is referred. 

Quartz. 

This mineral is very abundant in many of the gabbro rocks of 
Minnesota, but always of a secondary origin, arising chiefly from 
the alteration of the groundmass and feldspar, and le^ frequently 
from the pyroxene. In the earlier stages of alteration of the 
groundmass or feldspar there arises a confused mass of viridite, 
ferrite, magnetite, quartz grains, feldspathic material, etc. As 
this alteration progresses the tendency is to assume a radiated 
fibrous structure or else an imperfect graphic form. Further 
changes in the rock rasults in the quartz taking upon itself a 
true graphic form, the same as that seen in graphic granite^ 
while in still further changes the quartz is in rounded or IrregU' 
lar forms in the midst of the altered reddish-brown feldspathic 
material. The pyroxenic element in the meanwhile has been 
altered to biotite and hornblende ; and in different si)ecimens, 
according to the grade and character of the alteration of the 
rock, there are produced rocks that are variously styled by litho- 
logists, quartz-dioryte, augite quartz -dioryte, syenyte, augjte- 
syenyte, biotite or hornblende granite, etc. 

The same alteration has taken place in rocks of a more acidic 
character. Attention wjis firet called to this alteration in the 
Lake Superior rocks by the present writer* and the same struc 
ture has been described and figured by Irving, t These detached 
graphic grains of quartz often polarize as one individual, which 
individual, in the cases seen by me, is not confined to a singly? 
altered feldspar crystal as stated by Irving (1. c. p. 113). 

From the observations made by myself there appears to be but 
little doubt that all of Irving- s augite sycnytes are simply altered 
forms of basaltic rocks, which have been formed by the process 
of alteration above referred to, and probably some* of his sup- 
posed more acidic rocks fiill in the same list. 

Fluid cavities with moving bubbles as well a.*i microlites are 
seen in the secondary quartz of these altered gabbros. In like 



* Geology of the Iron and Coppor Districts ol" Lake Sui)€rior, ISSO. pp. li:l-122; Lithoiogical 
Studies, ISM, p. 173. 

t Copper-bearing Rocks, 1883, pp. 94-124. 
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manner these fluid cavities with moving bubbles are abundant 
in the veinstone quartz described under the andesitic porodytes, 
showing that the fluid cavities are plainlj- of secondary origin 
in the rocks. * 

The secondary origin of trichites, magnetite, biotite, etc., 
in quartz is likewise shown by their occurence in this alteration 
quartz. The inclusions, especially fluidal ones, are generally 
arranged along mended fissure lines in much of the original 
quartz. Besides the quartz described above of secondary orgin, 
I have collected evidence for a number of years showing that part 
of the corroded and fissured quartz, penetrated by the*ground- 
mass in quartz porphyry, is not foreign, as I formerly supposed 
it to be, but that it has been formed in the rock as an alteration 
product subsequent to the solidification of the rock, and is due 
to the migration and aggregation of the silica set free during tlie 
alteration of the rock and its groundmass — the groundmass be- 
ing included during the crystalization of the silica, or, when the 
process was not complete, left as interpenetrating tongues. 

This statement of course does not apply to the quartz of mod- 
ern rhyolytes, or to the majority of that found in the old forms 
of rhyolyte. 

The secondary quartz formed in the Minnesota gal)bros is 
shown about the hornblende in Fig. 2, Plate VII, while the 
graphic and granitoid structure are given in the two figures of 
Plate IX. The rej^lacement of feldspar by quartz with the re- 
tention of the plagioclastic striation is shown in Fig. 2, Plate 
VIII. 

Apatite. 

This mineral is found in microlites and long needle-like crys- 
tals. It is however observed chiellv in the altered coarser or 
gi^nitoid gabbros, and is to be found in the secondary quartz, 
hornblende, and feldspar as well as i>enetratin^». the altered 
groundmass'and partially altered feldsi)ar. This mode of occur- 
ence, with the increasing abundance in proportion to the altera- 
tion of the rock, and its being found in known secondary miner- 
als like quartz, indicates that in the majority of its occurences, if 



♦ VogelRang, Philosophie der Geologie, p. l.V»; Julian, Am. (^uart. Microscopical Jour. 1879 
i, 103-115; Wadsworth, (ieology of the Iron and Copper Districts of Lake Superior, 18W), pp. 
51, 54 ; Lithological Studies, lsd4, p. 46. 
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not in all, it is a product of alteration in the rock and due to the 
aggregation of the phosphate of lime in the rock during the gen- 
eral process of the rock alteration. 

Minor Minerals, 

Chlorite is a common product in the alteration of the Minne- 
sota rocks, particularly of the more compact forms. By its 
production the rocks pass into forms known as chlorite schists 
(Fig. 2, Plate I.) It occurs mainly in pale greenish scalers 
from the alteration of groundnnuss, r'eldspar, and pyroxence. 
Viridity is a term employed by many lithologists to indicate 
the indeterminable greenish product of alteration of rocks — 
base, gronndmass, feldspar, and pyroxene. It simply marks 
a stage in the alteration process, and when thi? alteration 
is further completed the viridite crystallizes as chlorite, biotite. 
hornblende, etc., as the case may be. The so-called chlorite it- 
self is often only a stage in the, process of mineral alteration, 
which in the end results in some other mineral. 

Epidote in rocks is always a secondary product, largely from 
the feldspar, but also from the alteration of pyroxene and horn- 
blende minerals. It is commonly associated with secondary 
quartz, chlorite, biotite, or hornblende. • 

Tourmaline is of a rare occurrence in the Minnesota rocks stud- 
ied here, but has been found in i*adiated crystals of yellowish or 
bluish color. 

Calcite, as a secondary product, occurs in some of the altered 
granitoid gabbros; it contains in its midst crystals of secondary 
quartz. 

Muscovite, or some of its hydrous forms, occurs commonly in 
the Minnesota rocks as a secondary product formed during the 
alteration of the feldspar. 

Titanite and pyrite are common as secondary products in 
the altered rocks, both in some i^arfe being formed by alteration 
of the magnetite, as well as by the alteration of other minerals. 

SPECIAL DESCRIPriONS. 

696. Xorth shore of Mayhew lake, S, E. 1, Sec, 36, T, 65, J?. 3 TT. 
A coarsely crystalline gray rock, composed chiefly of plates of 



70 

gray feldspar holding feebly magnetic iron ore, biotite, etc. 
Under the microscope it is seen to be composed principally of 
plagioclase, diallage, and titaniferous magnetite. A little uu- 
striated feldspar was observed. The diallage is of a brownish 
color and somewhat altered, in places passing into viridite. A 
very little biotite of secondary origin was seen in association 
with the diallage and magnetite. The feldspar is somewhat 
altered to the common grayish- wliit^ white product of its change 
(kaolin t) but still retains its plagioclastic character strongly 
marked by its broad polarization bands. 

133. Second island east of Beaver bay. 

The section is granitoid in structure and comi>osed of plagio- 
clase, enstatite, magnetite, yellowish -brown olivine pseudo- 
morphs, and viridite. The enstatite is of a clear pale brown color. 
It is much fissured and in common light identical with augite. 
It is in irregular masses which in most cases show on the edges 
and sometimes through the entire mass, the fine parallel seeoud- 
aiy cleavage of enstatite, which here is identical with that of 
diallage. This cleavage in every enstatite grain lies parallel to 
that of every other grain in the section, or at least so near that 
any difiference was not observed. Further, every enstatite mass 
in the section extinguishes at the same point, i. o., when the 
secondary cleavage is parallel to the plane of vibration. The 
feldspar in the main is clear but in places contains much viri- 
dite, part of which shows a sphyrulitic structure. 

Fig. I, Plate II shows the general character of the augitic- 
. looking enstatite. It is clear in the main portion but traversed 
by fissures, along which is shown a fine parallel fibrous or cleav- 
age structure arising from alteration. The feldspar shown in 
the upper portion of the figure cuts the enstatite which is of a 
later crystallization. 

706. Mayhew J ale. 

Has the gabbro in contact with a fine reddish graitoid rock 
and is a type similar similar to No. G96, but is more altered. 

702. Mayhew lab: 

Is a coarsely crystalline rock, with its diallage much altered, 
and having in places the cleavage of hornblende. The plagio- 



clase shows a gray to a milky white color. In the section the 
dialldge is seen to be much altered, showing a grating structure. 
This structure does not seem to be due to the appearance in the 
mineral of secondary ferruginous products but rather to an ab- 
normal development of the cleavage planes — i>articularly along 
the line of principal cleavage. The diallage is altered partly to 
greenish and partly to brownish hornblende. The feldspar is 
considerably altered and kaolinized. It contains secondary 
chlorite. 



773. Frog Bock river. 

A coarsely crystalline dark or brownish gray granitoid rock 
somewhat resembling No. ()96. 

Its pyroxine constituent is seen under the microscope to be 
altered to viridite and a greenish and brownish biotite. The 
plagioclase is somewhat changed and contains secondary ortho- 
clase, quartz, mica scales, etc. 

In one portion a pyroxene, inatriangular miiss, is seen remain- 
ing as p3'roxene in one part and altered to a greenish brown bio- 
tite carrying magnetite in another i)ortion of the same mass. 

A radiated group of epidote crystals was observed in the s<h> 
tion. 

Plate IV, Fig. 2, shows the relation of the biotite formed from 
the alteration of the diallage. It extends along the* cleavage and 
fissure lines with portions of the unchanged pyroxene betw«HMi. 
The whole is surrounded by somewhat kaolinized feldspars bear- 
ing biotite. 

713. Xorth ahore of Tucker Jake. 

Is a coarsely crystalline rock, darker gray but much like Xo. 
773. As seen under the microscope, its pyroxenic constitu«»nt is 
diallage and some prolmble augite. The pyroxene is in part 
altered to biotite, actinolite, and chlorite. The feldspar is also 
much changed and replaced by secondary minerals such as 
quartz, orthoclase, chlorite, etc. Some i)ortions of th<* section 
possess the characters of a schistose rock as the result of its alter- 
ation. This is shown in Plate 1, Fig. 2. In the upper left hand 
portion a pyroxene crystal is figunKl, showing the precipitation 
of magnetite as part of the alteration process. The diallage also 
contains chloritic material and passers at the lower end into a 
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chloritic mass, while around this lower portion is a beard[of mag- 
netite arranged as it would be on the pole of a bar magnet. The 
upper portion ol the diallage, not shown in the figure, is but little 
altered. The section below is composed of quartz and radiating 
fibres of chlorite, all bearing magnetite of secondary origin, giv- 
ing to the rock the charact(»rs of a chlorite schist. 

699. Xorth shore of MaijheiP lake. 

Is also a coarsely crystalline granitoid rock in which brownish 
and whitish feldspar plates i)redominate. Under the microscope, 
pai*t of the diallage is seen to have been changed to green horn- 
blende, while a border of secondary biotite was observed to ex- 
tend along some of the diallage crystals. 

769. North icest end of Little Sagamufa. 

Is a brownish gray coarsely crystalline rock like the preceed- 
ing. In the thin section the rock is seen to be somewhat altered 
while it has its plagioclase filled with the brownish needles and 
globulites so commonly seen in the feldspars of gabbros. These, 
as usual, are arranged along cleavage i)lanes, one well marked 
arrangement being parallel to the polysynthetic twinning planes, 
although one crystal wiis observed in which no microlites were 
seen, whose position corresponded to the striation lines, but all 
cut these lines at a small angle. 

701. Xorth shore of Maifheic lair. 

Is a greenish gray rock, more altere<l than the preceeding (Xo. 
769) and contains biotite and hornblende, or at least a green and 
black mineral with the amphibole cleavage. In the thin section 
the pyroxene appears to have been i)rincipally altered to a fine 
matted mass of actinolite fibres and to biotite; but the plagio- 
clase has suffered less change than would naturally be supposed 
from the amount of alteration in the pyroxene. Considerable 
biotite of a secondary origin is to be seen fringing the magnetite 
grains. The usual needles and inclusions common in the feld- 
spar of gabbros occur here in a manner that indicates that they 
are the result of the commencement of the plagioclastic altera- 
tion rather than original forms. 
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1. Duluth. (X, W. J, Sec. 34.) 

A coarsely crystalline variable rock. Part is colored brown- 
ish gray to a greenish gray owing to the color of the feldspar, 
which mineral comprises nearly all of the rock. This feldspar 
has in places on its fresh fracture a color and lustre closely like '• 
that of ela^olite. In places the feldspar is so changed as to pre- 
sent a grayish white or pinkish color, and is associated with 
secondary epidote. The rock also contains, in subordinate quan- 
tities, magnetite, amphibole, and chalcopyrite. Other specimens 
are less coarsely crystalline and the white and pinkish alteration 
of the feldspar becomes more strongly marked, while the yellow- 
ish green epidote forms conspicuous segregations. This alteration 
shows a central mass of epidote, then a band of grayish white 
feldspar surrounded by a narrow border of reddish or pinkish 
felcLspar. Outside of this an indefinite irregular brownish gray 
discoloration of the rock extends. Sometimes the ditferent color- 
ed feldspars are irregularly intermingled. 

1 A is the same rock but was taken from a point further to 
the northeast. In this, uearlj' the entire rock has partaken in 
the grayish white and reddish alteration of the feldspar, with 
the segregation of epidote, thus giving to the rock an appear- 
ance closely resembling some coarsely crystalline hornblendic 
granites, hence the common name of '*Rice Point granite.'- 

1 C belongs to No. 1, but is finer grained, has a higher spec- 
ific gravity, and contains abundant magnetite. Its color is gray- 
ish black and is a portion of the giibbro mined for its iron ore 
at the Duluth iron mine. 

1 D is a more highly altered condition of No. 1, and occurs 
in masses showing the well-known boulder or spheroidal decom- 
position. It is of a reddish and grayish white color, owing to 
the color of the altered feldspar, and contains much epidote and 
some quartz as secondary products. 

1 E is a nodule of brownish gray feldspar crystals containing 
epidote. 

Under the microscope the thin sections possess the following 
characters: The sections of No. 1 are mostly feldspar, which, 
tested by the Levy-Pumpelly method, * gives angles of 13° to 14^ 
and therefore would be classed as labradorite. It contains nu- 
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merous tubular cavities arranged parallel to the twinning planes, 
also many glass and other inclusions. The feldspar is somewhat 
altered and cloudy, some of the sections having suflfered greatly. 

Included in the feldspar is magnetite, chlorite, viridite, ural- 
ite, quartz, and diallage closely approaching augite. The di- 
' allage is in places altered to uralit^, etc. 

A few globular aggregately polarizing green masses, contain- 
ing more or less magnetite, appear to be pseudomorphs aft^^r 
olivine grains. In one section the diallage has been entirely alter- 
ed to a green fibrous amphibole. 

1 A has its feldspar but little altered; this shows, by the Levy- 
Pumpelly method, angles of 18° to 20°, and therefore i)robably 
labradorite. It is twinned paitially by the albite and pericline 
law. The diallage is somewhat altered but shows i>lainly the 
diallage structure. In places it has been altered to a mass of 
pale greenish and colorless fibres of actinolite. A similar alter- 
ation of diallage has been observed by Pumpelly. -^ 

1 E is composed chiefly of large, lath-shaped plagioclase 
crystals more or less kaolini zed, and inclosing magnetite, epidote, 
quartz, and the greenish alteration products of diallage. 

Analysis was made by Prof. J. A. Dodge, of the feldspar of 
No. I, with the following result: 

Si O 49.78 

vbn"\ 32.3(J 

Ca O 11.55 

MkO 1.32 

K, O U.41 

Xa, O 3.30 

H., O 1.83 



100.7(> 

Of this analysis Prof. Dodge states: 

*'The feldspathic portion was selected (by mechanical means) 
as clean as possible," but it was not wholly unmixed with the 
other constituents of the rock, t 

This analysis, as well as the optical charactei-s. indicate that 
the feldspar is labradorite. 

A complete analysis was also made of the rock as a whole by 
professor Dodge, with the following result: 

*(iwl. of Wise, 1880, iii, a«J.182. 

t Ann. Keport Minu., 1S81, 1S?1, x. 2«V4. 



4.) 

No. 1. Sp. Gr. 2.79, 2,802. 

SiO 50.415 

AUG, 2a. H3 

Te.G^ 17.(i:j 

TiG^ tince 

CaG 4.7» 

MgG 2.4(5 

K, G 0.22 

Na^G l.iiii' 

OH. 63 

689. Cro/tH lah\ 

Is a gray crystalline rock witli its feldspar turned ('hietly to a 
gray or pink color. TTnder the mieroseope the feldspar is seen 
to be in lath-shaped crystals witli triangular intei'spaces contain- 
ing magnetite, viridite. etc. The feldspar is much alt»M'ed and 
filled with kaolin and micaceous scales: l)ut in places it is clear, 
showing the polysynthetic twinning of plagiochuse. Some sec- 
ondary quartz and feldspar occur, and the pyroxenic constituent 
is replaced by viridite. 
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2L Between GunHint ami Loon tnh'S. 



A dark green section, composed of partially alt(M'(Ml au^ite, 
diallage, feldspar, magnetite, and secondary quartz, biotite, 
hornblende, viridite, and apatite. The section is stained in 
X)laces yellowish from ferric oxid(». The x>yi'oxene is alt^^red 
along its edges and even often throughout its interior to viri- 
dite?, biotite, and hornblende (l^otli green and brown ). The alter- 
ation extiMids generally along the cleavage planes, which in the 
diallage appear to be produ<ed from a change in the common 
augite. The feldspar is kaolinized and contains quartz and 
other secondary minerals. The rock, mineralogically, could well 
be pronoun<ed a liornblendi^-biotite-granite bearing accessory 
pyroxene, although it is (evidently an altered basalt of the gab- 
bro or diabase tyi)e. 

7?2. Ea^t and West Jake. 

Ls a very coarsely crystalline rock, niacroscopically composed 
of feldspar, hornblende, biotite, quartz, and magnetite. The 
section shows a partially altered plagioclase. biotite, c^uartz, 
viridite, and magnetite. Of these the quartz, biotite, and viri- 
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(lite are secoiulary or alteratiou products. Another section 
shows some dialla^e, with green and brown liornblende and 
biotite Jis associated alteratiou products of the dialiaj^e. The 
section contains secondary quartz and titanite, and much of the 
roek is a typical quartz-dioryte formed by the alteration of a 
gabbro. 

670, One fourth mile south of Lake Ahita. 

It is a rusty l)rown coarsely crystalline rock, discolored by sur- 
face weathering. Composed, maeroscopically, chiefly of brown- 
ish ferruginous stained feldspars and dark silicates traversed by 
hexagonal apatite needles. 

The section is composed of feldspar (plagioclase chiefly) pyrox- 
ene, secondary hornblende, and magnetite. Much limonite oc- 
curs, lining the fissun^s and staining the feldspars. The pyroxene 
isbrownish and lias the characteristic fractures and general char- 
acters of augite, but in portions of its mass the structure of dial- 
lage is clearly to l>e observed, as a secondary structure arising 
through the alteration of the augite. 

126, Black beach, take Superior ^ near Beaver bay. 

A coarsely crystalline dark gray rock, composed of feldspar of 
a gray or reddish color, black diallage, as well as that showing 
the schillerization of brouzite ancl niagnetite. 

In the section the feldspar is seen to be considerably alt<?red, 
but much of it shows polysynthetic twinning according to theal- 
bite and pericline laws. Quite an amount of plagioclase of sec- 
ondary origin was ol)served. The diallage is of a pale yellowish 
brown color, when clear, and much like that of Xo. 221, butithas 
been largely altered to a dirty green fibrous product, arranged 
parallel to the basal pinacoid. In places the groundmass has 
been altered to a confused ma,ss of viridite. a rusty brown fibrous 
product, quartz, etc. The association of the quartz and rusty 
fibers give ri.se to the beginning of a structure, which, when 
continued, produces the graphic granite or eozooii structure ob- 
served by the writer* in the rocks of Keweenaw point and else- 
where, which structure was later studied and figured by Irving.t 

In this altered groundmass occur dirty green pseudomorphs 
after diallage and somi* i>ossibly after olivine. 

* Bull. Mas. Couip. Zool., ISSO, vii, li:j-lJO; Llthulogical Studie.-, 1S8*, p. 173. 
t Cop|>er-bearlng Hocks. I>«>i3, p[). Wl- lA. 
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The secondary feldspar is very cL*ai* and contains numerous 
microlites, which can be seen in other portions of the section. 

No. 222. JSaat of Brule river. 

Is a rock of the same character except that the schillerization 
of the diallage has proceeded mucli further, causing it to easily 
cleave into micaceous looking plates parallel to the basal pina- 
coid, while much secondary quartz and viridite are to be seen. 

One strange form occurring in this rock is shown in Fig. 2, 
Plate VI. At the right toward the bottom of the figure is a 
secondary plagiocla.se feldspar containing magnetite graiuiles 
and some dust of the altered rock material. This serves as a 
nucleus about which is arranged, with a somewhat radiated 
structure, a gmyish-brown irregular mixture of altered rock 
material, ferrite. kaolin, fibrous matter, viridite, magnetite, 
much quartz, etc. It also contains clear colorless i)atches of 
quartz holding a little magnetite and microlites. Surrounding 
this is a grayish brown border of secondary diallage showing for 
the most part a radiated fibrous structure. The fibrous structuie 
or schillerization was produced by alteration and those portions 
of the diallage which have it are stained gray, yellowish, green- 
ish, reddish or brownish as the case may be. Some i>ortions of 
the diallage show no trace of the fibrous structure or cleavage 
and are practically unaltered. The irregular whitish jvatch at 
the bottom and left of the figure is plagioclastic feldspar con- 
taining viridite, kaolin, magnetite, etc. Large masses of mag- 
netite occur and are shown in the figure. 

121. • East of Brule river. 

Has a section of a diabasic character: lath -shaped plagiochivse 
crystals with much augite and a little olivine, mainly altered to 
a dark reddish and yellowish brown serpentine. Besides these 
there occur magnetite and greenish chloritic secondary products. 
This is placed with the gabbros on account of the develoi)ment 
in the augite, by alteration, of the common diallagi* cleavage. 

759, Mountain south of Otjishkie Muneie Jake. 

A grayish green coai*sely crystalline rock, composed of feld- 
spar, hornblende, and magnetite. 
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In the section the rock is seen to be greatly altered, retaining^ 
no trace of diallage, the pyroxeuic constituent being replaced 
by a green fibrous hornblende. The feldspar retains itj* plagio- 
clastic characters in places only, and it has largely been filled 
with secondary quartz and orthoclase. 

US. K W. cor, T. 62, 2 E. 

Is a coarsely crystalline dark dioritic rock, macroscopically 
composed of reddish or grayish feldspar, magnetite, diallage and 
hornblende. 

Under the microscope it is seen to have its diallage partially 
altered to chlorite, biotite, magnetite, green and brown horn- 
blende, etc. The apatite crystals have also been changed to a 
greenish viriditic substance, while much secondary quartz, part 
of which has the graphic form, is to be observed in the altered 
feldspar. Secondary apatite (?) microlites are abundant. 

672. Hill near south shore of lake Abita. 

Is a coai'sely crystalline rock, of a dark grayish brown color 
and composed of reddish and gray feldspar, magnetite, diallage, 
and hornblende. 

The section is composed of partially altered plagioclase, par- 
tially changed to diallage, magnetite, and secondary hornblende. 
Considerable secondary eozoon or graphic (juartz was observed 
in the feldspathic material giving the rock there the structure of 
a graphic granite. Some pyrite occurs associated with the mag- 
netite which, in places, is surrounded and penetrated by the 
pyrite. Considerable apatite was observed in the section. 

649. Sec, 36, T, 63. 1 E. 

Is a reddish crystalline rock composed of i)redominating red- 
dish feldspai^ with some grayish ones, and hornblende and mag- 
netite. 

In the section the feldspars are seen to be greatly altered, the 
grayish ones retaining, however, their outlines, but showing prin- 
cipally aggregate polarization. Much of the section is now a 
reddish brown fibrous mass with irregular secondary quartz 
masses scattered through it. The diallage has been mostly al- 
tered to a greenish ehloritie mass and toa yellowish brown fibrous 
material, whl(»h sometimes extinguishes parallel to the inclosed 
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diallage remains, anil at otbera has a separate plane of extinction. 
Apatite in well marked crystals is abundant. 

156, East of Baptism river. 

A disintegrating crumbling rock, coarsely crystiillineandof a 
reddish color. CJomposed macroscopically of reddish and gray- 
ish feldspar, magnetite, diallage sometimes showing schilleriza- 
tion, and biotite. 

The section is composed of reddish brown and gray feldspars 
and magnetite. The feldspars are all altered and kaolinizedand 
partially replaced by quartz, etc. 

Analysis of this rock, made by Profs. J. A. Dodge and C. F. 
Sidener, gave the following result: 

SiO, 50.86 

AI2O3 lo.TZ 

FCjOj 9.77 

FeO 2.48 

CaO 10.52 

MgO \ 3.55 

Na2 O 3.8f) 

K, o o.yo 

H2 O 2.53 

100.22 

The analysis was made at my recjuest for the purpose of ascer- 
taining if so great an alteration made any essential diiference in 
the chemical constitution of the gabbros, with the result that it 
did not in this case. 

6U. T. G2 N. 1 E. 

A coarsely crystalline granitoid rock, of a pale reddish brown 
color, and composed of flesh colored feldspars, magnetite, horn- 
blende, quartz, and apatite. 

In the section the feldspars are seen to be much altered show- 
ing aggregate polarization, while much of the area is taken up 
by the graj^hic arrangement of secondary quartz in a feldspathic 
groundmass. Considerable augite with some diallage was ob- 
served. The latter is largely altertHl to a greenish brown fibrous 
product, which retains the extinction point of the remaining 
diallage. Part of the augite shows the common prismatic deav- 
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age but ill other portions of the same crystal the fibrous alter- 
ation of the diallage is to be seen, thus supi)ortiug the views of 
those authors who hold that diallage is derived in part at least 
from the alt-eration of augite, (ante, page 00). Apatite and mag- 
netite are common and some biotite was observed. 

From this section and others observed the writer has but little 
doubt that most, if notall, of Irving's augite syenytes are altered 
conditions of gabbro and diabase the same as this rock is. This 
view Irving's language would indicate he partially shared.* 

300. S, W. \ Sec. 30, T. 65, 3 E. 

A dark grayish brown crystalline rock, showing the action of 
weathering and composed of feldspar, magnetite, apatite needles, 
and dark silicates. 

The section is composed of feldspar, pyroxene, quartz, horn- 
blende, viridite, apatite, and magnetite. The feldspar has been 
kaolinized and filled with scales, and granules, as well as partly 
replaced by secondary feldspar and quartz. The plagioclastic 
twinning is still visible in some of the altered feldspars as well as 
in some of the secondary ones. The quartz is arranged in the 
graphic or eozoon form in the kaolinized feldspar and some 
times with the viridite. The pyroxene apparently lies between 
diallage and augite, but nearer the latter. It is altered to diallage 
which piusses into a dirty, yellowish brown viridite, which ex- 
tends across the longitudinal cleavage. 

The viridite, on its edges, has passed in places into hornblende 
and while the structural lines of the diallage and viridite are 
perpendicular to the augite cleavage, the cleavage lines of the 
hornblende coincide with the prismatic cleavages of the py- 
roxene. Neither of these secondary products agree in orienta- 
tion with the pyroxene, although the widely separated parts of 
the hornblende do agree among themselves. The apatite needles 
are found to extend through the altered and secondary feldspar, 
quartz, and viridite, and thus these needles are known to be of 
secondary origin themselves. 

Plate VII, Fig. 1 shows the structure of the augite and its 
alterations described above. 



♦ Copper-bearing Rocks, 188.3, pp. 112-124. 
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263. Wausicaugoning hay. 

A dark grayish and reddish brown crystalline rock, composed 
macroscopicallyof reddish and grayish feldspar, pyroxene, liorn- 
blende, biotite, magnetite, quartz, and caleite. 

The section has its pyroxene largely altered to biotite, horn- 
blende, and viridity. Much secondary feUlspar of a plagioelase 
type occurs, but the primary feldspar appears to have been 
largely, if not entirely, replaced by the graphic or eozoon 
qdartz, and fibrous fcaolinized feldspathic material. Secondary 
quartz in irregular grains, besides the graphic form, is quite 
abundant, while both the quartz and feldspar tvre filled with mi- 
crolites (apatite?) 

Plate VII, Fig. 2, shows the structure of one of the altered 
diallage crystals. The diallage is in the form of a core sur- 
rounded and penetrated by a greenish viridite which traverses 
the irregular cracks of the diallage. The viridite passes on its 
outer edge into a greenish hornblende which is the second step 
in the diallage alteration. Apatite and magnetite are common, 
and some biotite was observed. 

Fig. 1, Plate IX indicates the graphic or eozoon stage in 
the alteration of this rock, while Fig. 2 of the same plate 
shows a more highly altered or a biotitehornbleude-granite 
form. The quartz contains microlites and fluid cavities. 

225. East point of Double bay. 

Is a rock almost identical vrith 263 except that no caleite was 
seen in it. 

675. Brule ML 

Is a reddish brown rock, somewhat finer in its crystalline 
structure than the two preceeding, but otherwise similar. 

292. North side of Pigeon point peninmda. 

A reddish granitoid rock, composed of reddish feldspar, biotite, 
quartz, magnetite, and caleite. The thin section is made up 
principally of feldspar, quartz, pyrite, biotite, apatite, chlorite, 
and magnetite. The feldspar is kaolinized and stained with 
fferric oxide. While from the structure of the crystals but little 
doubt exists that they were originally plagioelase, no proof that 
11 
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such was the case, was obtained. The quartz is in irregular 
masses in the section, but in the hand section in connec- 
tion with the calcite it is seen in distinct crystals. It con- 
tains numerous fluid cavities with moving bubbles and also 
microlites. The latter show frequently the hexagonal form and 
common structure of apatite. That the quartz is all secondary 
in the section is told by its possessing the same eozoon or graphic 
structure in places that the secondary quartz of other rocks does, 
also by its replacement in part of the substance of feldspar crys- 
tals, whose outlines yet remain distinct. From this it follows 
that both the fluid inclusions and microlites are of subsequent 
origin to the original crystallization of the rock — i. e. produced 
during the process of alteration. * 

The biotite is all secondary and is colored green or yellowish 
brown, according to its advancing stage of formation. 

This rock, both macro- and microscopically, could well be 
classed as a granite and sustains the conclusion to which the 
writer was driven long ago, that many of the so-called granites 
are, like the diorytes, the results of the alteration of other rocks 

« 

both of a basic and acidic nature. 

The calcite is all secondary and fills in the rock mass inter- 
stitial cavities which are either original, or, as is most probably 
the case, of secondary origin, arising from the removal of por- 
tions of the rock and their replacement by calcite through the 
medium of percolating waters. No positive proof was obtained 
from the section that this rock is an altered gabbro in preference 
to its being an altered form of a more acidic rock. The chemical 
analyses made by Profs. Dodge and Sidener indicates either 
that it is an altered form of a more acidic rock or else that its 
percentages of iron and lime have been lowered and its silica and 
potash increased, by the alteration, from those of a normal gab- 
bro. t The small content of calcium oxide, compared with the 
amount seen in the hand specimen, indicates that possibly the 
analysis wius made from too small a portion of the rock to give 
the average composition of the rock as a whole. 

The analysis is given below: 

Si02 61.09 

Al^O;, lo34 



* Hull. Miis. Coiup. Zool, \s^(i, vii, 30, "M, 114, 117. Llthological .Stiuliis, 1S.S4, p. 40. 
t Litliologjcal .Siuilies, 1>><4, pp. l«!t»-18J. 
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FejOa I i>*^ 

FeO 3.69 

CaO ^.10 

MgO 1-^3 

NaaO 3.41 

KjO 3.65 

H,0 1.80 

756. South of Ogishkie Muncie lakes. 

Also is an almost entirely altered rock with a little diallage 
and^nly traces of the plagioclastic strlation remaining in the 
feldspar. The magnetite shows, in places, the titaniferous alter- 
ation to "leucoxene'' and is for the most part surrounded and 
largely absorbed by the viridite and hornblende. 

The hand specimen is a greenish crystalline rock, composed 
principally of feldspar and hornblende, 

305. OiUlet to North lake. 

Is a dark gray typical dioryte composed of a coarsely granulai* 
mixture of grayish and flesh colored feldspar with black horn- 
blende. The section is composed of feldspar, biotite, hornblende, 
quartz, diallage, magnetite, apatite, titanite, and zircon. 

A large crystal of diallage having a longitudinal section shows 
more or less of .a greenish alteration extending along the fissure 
planes. It also contains small rounded masses of secondary bi- 
otite. The alteration is most strongly marked on the edges of 
the crystal. Here nearest the centre is a green irregular band of 
a mineral in the process of formation, while outside of this, the 
same mineral forms a darker green band with a longitudinal 
cleavage like that of amphibole. This second band contains- 
apatite crystals, while partially in this band and partially ex- 
terior to it are irregularly scattered grains of secondary quartz. 
Outside of the green mineral lies considerable biotite, which is 
also scattered through the section, but is chiefly aggregated about 
the altered diallage. Some of the biotite shows an irregular 
cross banding, traversing across the cleavage planes at a slight 
angle. This banding shows very indistinctly in common light, 
and when the section is right side up with the polarizer on, it is 
likewise indistinct. Between crossed nicols this banding is dis- 
tinct in every position except when the longitudinal section is 
parallel to the plane of vibration of the polarizer. But if the 
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section is reversed the banding is distinct in common light, and 
also with the polarizer on, and in every position between crossed 
nicols except when its longest direction is parallel to the plane 
of polarization of the lower nicol. This banding is attributed to 
a furrowing produced on the back of the section by the coarse 
corundum used in grinding it. 

The green substance surrounding the diallage and formed from 
its alteration is irregularly interlocked with the diallage, and 
the plane of extinction of the two minerals corresi^ond. How- 
ever, it is only slightly and sometimes not at all dichroic, but 
still is referred to hornblende, not only on account of its cleavage 
but also on account of finding true hornblende in exactly the 
same relation to another diallage crystal in the section, but a 
crystal that has suffered alteration to a greater degree. The 
steps in the alteration shown by the different diallage cores irreg- 
ularly interlocked with the horublendic substance and gradually 
passing into it are as follows: 1st. A palish green substance, not 
dichroic and destitute of cleavage. 2d. A deeper green substance 
having a longitudinal cleavage, but not dichroic or only slightly 
so. 3d. The same dark green substance, (all being connected) but 
of a somewhat darker green color, and dichroic, varying from a 
slightly yellowish green to a dark green. 4th. A well-marked light 
hornblende, with not only the hornblende cleavage in a longitud- 
inal direction, but also across the longer or vertical axis. This 
is dichroic varying from a yellowish brown to a dark brown 
color. These changes resemble those shown by Williams in the 
Baltimore gabbro. 

The first three stages are to be seen united about a single dial- 
lage core, as are also the third and fourth stages. 

A little epidote was seen, as well as a few minute crj'stals, re- 
sembling zircon in form, but which have an oblique extinction 
with a feeble chromatic polarization. 

One quartz crystal was seen which had replaced a plagioclase, 
and still retained in its interior irregular cloudy masses of the 
kaolinized feldspar, while in part of the crystal the plagioclastic 
twinning lines remain distinctly visible in common light. The 
quartz grains contain grains and crj^stals of magnetite, minute 
plates of biotite, microlites, trichites, etc., all of which must be 
of secondary origin as the quartz is. 

Part of the feldspar retains the microlites and brown plates 
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arranged parallel to the crystallographic plane as seen so com- 
monly in the feldspar of gabbros. Some titanite grains were 
also observed. 

Plate VIII, Fig. 1, shows one of the smaller altered diallage 
crystals containing greenish plates on the interior, and surround- 
^ by a green hornblende on the exterior which passes into brown 
hornblende, showing prismatic cleavage and into brown biotite 
bearing magnetite. A little yellowish epidote occurs in the up- 
per portion of the figure. 

78(), Between Duck and L. lakes. 

Ls a yellowish gray granitoid rock, composed of feldspar, mag- 
netite, biotite, and hornblende. It is so altered that the transi- 
tion is complete, except in the case of a few pyroxene grains, so 
as to form a quartz-diorite, although it contains much orthoclase 
and some biotite and might thus be styled a granite. The ortho- 
clase, quartz, biotite, and hornblende all appear to be secondary, 
as are probably the numerous microlites by which they are tra- 
versed. 

816. 

The section is granitoid in structure and composed of feldspar, 
hornblende, quartz, viridite, magnetite, chlorite, epidote and 
apatite. The feldspar is much altered and contains kaolin, , 
chlorite, and colorless micaceous scales. The hornblende is both 
green and brown, the latter color simply indicating a further 
stage in the alteration of the pyroxene to a perfect horn- 
blende than the green state denotes, and the former is often 
found forming a border on the green * hornblende. Quartz is 
abundant in large irregular grains and the rock is now a 
quartz-dioryte, but the writer believes it to be an altered gab- 
bro or diabase, as its structure is like that of known altered 
forms of these rocks. 

801. 2i miles S. E. of St. Cloud. 

A dark gray coarsely crystalline rock, composed of horn- 
blende, biotite, pinkish and gray feldspar, quartz, and mag- 
netite. 

Under the microscope it is seen to t)e composed of the above 
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minerals with titanite, apatite, and microlites. The feldspar is 
in part plagioclase and in part orthoclase but in both cases the 
feldspar material seems to be of a seex)ndary origin replacing 
other feldspars and in part retaining their cloudy kaolinized 
material and striations. The feldspar also in places shows some 
of the common inclusions found in the feldspar of gabbros. The 
hornblende is green, like that of No. 305, and filled in the same 
manner, but more abundantly, with apatite. Some of the bio- 
tite shows the polarization phenomenon produced by the grind- 
ing, as the preceding No. 305, but the bands very irregularly 
cross one another. The quartz is like that of the preceding. 
While this rock, in its present stage, makes a good representative 
of a biotite-hornblende-grauite, it is believed to be but a further 
stage in the alteration process than that shown by No. 305. In 
both we have the same general characters in their minerals, 
except that in No. 305 part of the diallage remains, while in No. 
801 it has been entirely changed. Macroscopically, this rock 
is like part of the preceding rocks, and this solution of its struc- 
ture would account for the later origin of the quartz and its im- 
pression by the other minerals in all so-called granites having 
the same origin as this. 

One portion of the rock is darker than the other, and an ana- 
lysis was made of each portion by Profs. Dodge and Sidener, with 
the following results: 

Light Portion. Dark Portion. 

SiOa 61.19 58.77 

AI2O, 15.22 13.12 

Fe^Og 3.20 5.45 

Fe O , 3.55 6.87 

Mn O trace trace 

CaO 7.94 5.99 

MgO 2.38 4.93 

NagO 3.17 1.94 

K2O 2.62 2.83 

H..0 0.40 0.45 

* 

99.67 100.35 

These results indicate either that during alteration the basic 
rocks become more acidic bv alteration, as the writer showed* 

was the case for the peridotytes, or else that this rock is from a 

■ 

* Lithological Studies, 1894. pp. lKG-189. 
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more acidic group tliau the basalts, and that the writer lias 
wrongly placed it with the altered gabbros. 

364^, Burnside lake. 

Is a crystalline gneissoid rock, possessing a banded structure, 
and composed of pinkish and grayish feldspar and hornblende. 

Under the microscope the section is seen to be composed of 
kaolinized feldspar, partially replaced 'by quartz, and much 
green amphibole, with a little biotite. The amphibole is in part 
a green actinolite. One crystal pseudomorph was seen composed 
of a light green centre of irregularly arranged amphibole plates, 
with a dark green border of amphibole. This closely resembles 
an altered diallage, the central portion being changed last. 

789. Temperance River lake. 

Is a dark gray and greenish black rock, composed of magnet- 
ite, gray and pink feldspar, and greenish hornblende. 

The section shows that the feldspar is much kaolinized, retain 
ing the polysynthetic twinning bands only in places. The am- 
phibole is both green uralite and actinolite. The amphibole 
is filled with abundant apatite crystals, while the feldspar also 
contains them to some extent. 

1 07. Mayhew lake. 

Is a dark grayish green crystalline rock, composed of grayish 
feldspar, quartz, hornblende, and some chlorite. In the section 
it is seen to be composed of plagioelase and secondary horn- 
blende (uralitic), biotite, quartz, apatite, and chlorite. Only a 
small amount of biotite was observed. 

3W, Pipestone RapicU. 

A dark grayish and greenish black rock, composed principally 
of hornblende with some feldspar. Under the microscope it is 
seen to J>e* composed of kaolinized feldspar and secondary horn- 
blende, quartz, titanite, etc. One quartz pseudomorph after 
plagioelase retains the plagioclastic striation in common light 
and cloudy patches of the kaolinized material. This is consid- 
ered by the writer to be an altered gabbro, judging from its 
structure, although it may be a sedimentary hornblende schist 
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or gneiss. The structure of this rock is shown in Plate VIII, 
Fig. 2. The upper portion is composed of quartz grains contain- 
ing cloudy kaolin granules from the altered feldspar, while the 
lower central portion is the quartz showing the striations of 
plagioclase with kaolin material. 

Brown and green hornblendes are on the right and left, with 
yellowish brown titanite grains in the quartz at the bottom of 
the figure. 

693. West end of Poplar lake. 

A yellowish gray crystalline rock, composed of plagioclase 
and magnetite. Powder magnetic. Under the microscope it is 
seen to be composed of plagioclase with some probable ortho- 
clase, olivine, and magnetite. The magnetite is surrounded in 
part by a ferruginous looking border containing, if not entirely 
composed of, biotite fibres standing at right angles to the pe- 
riphyries of the grains. A little '4eucoxene" wa*s abserved. 

5, St. Paul & Duluth Railroad Station, I>ulufh. 

A dark, coarsely crystalline rock, containing considerable pink- 
ish feldspar. 

The section is composed of plagioclase, diallage, magnetite, 
apatite, and secondary quartz, hornblende, and chlorite. The 
diallage is in part changed to a dark, cloudy substance, while 
the feldspar is much kaoliuized. 

688. Cross lake. 

Is a dark compact but coarsely crystalline rock, composed 
of feldspar (pinkish and grayish), apatite, magnetite and pyrox- 
ene. 

Under the microscope this rock is seen to have its diallage 
much altered principally to a uralitic product. The plagioclase, 
in places, exhibits its twinning only at the point of extinc- 
tion, as was shown by the writer to be the case with the plagio- 
clase of the Bishopville meteorite.*' 

The feldspar is also much altered and the section in places 
shows the structure of graphic granite or the eozoon character 

♦ Am. Jour. Sci., 1883, (3,) xxvl 34; Lithological Studies, 1884, p. 200. 
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occuring in the granites and felsites of Keweenaw Point, lu 
Xo. 688 this structure is evidentlj^ produced by the aggregation 
of the silica in the midst of the feldspar through the medium of 
the percolating waters, while the remaining feldspar itself is 
much changed and stained by ferruginous material. Much apa- 
tite occurs in the section. 

694. South shore of Mayhew lake. 

Is a grayish black crystalline rock, composed of feldspar and a 
large amount of titaniferous magnetite. 

The section is composed of plagioclase, some possible ortho- 
clase, diallage, olivine, and magnetite. The latter is partially 
surrounded by well marked biotite borders, while it contains 
inclusions of the same. One of the olivines, which is apparently 
51. unit in common light, its form and fracture lines indicating 
this, is seen in polarized light to be made up of four individuals. 
A little biotite occurs, but it is not attatched to the magnetite. 

704. Mayhew lake. 

Is a darker rock than 694 and is richer in magnetite. The 
section is seen, however, to have the same composition and 
structure as No. 094. Part of the diallage shows also the cleav- 
age of augite.* Biotite is present, holding the same relation to 
the magnetite as before, while the section is somewhat more 
altered than the preceding. The diallage is in places quite 
cloudy as the result of this alteration with the development of 
magnetite needles and dust parallel to its cleavage planes. 

703. Pewabic island. 

Is a black compact iron ore composed of i)redominating mag- 
netite, with plagioclase, olivine and biotite. The biotite, as be- 
fore, is in borders surrounding the magnetite or inclosed in it. 
Besides the quite abundant biotite, these borders are sometimes 
composed of a clear, feebly polarizing substance of unknown 
character but probably an early stage in the formation of biotite^ 
the general structure being shown in Plate VI, Fig. 1. 

The feldspar shows, in polarized light, that it is composed of 
large crystals in which the magnetite is lying, forming an 



« Lltholof^ical Studies, 1881, p. 145. 
12 
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irregular sponge-like mass of iron ore like that in the Cumber- 
landyte.* 

«5l. Sec. 30, T. 63, 1 E. 

Is a dark, coarsely crystalline rock, also containing much mag- 
netite. The section is composed of feldspar, part of which is 
twinned according to the albite and pericline law, augite, dial- 
]age, magnetite and olivine. The pyroxene is yellowish brown, 
and while the chief portion of the section is coarsely crystalline, 
part is of a fine grained basaltic texture and composed of diverg- 
ent lath-shaped plagioclases with the interspaces tilled with 
Augite and magnetite granules. 

787. South slope of the Mesabi range. 

A grayish medium-grained rock, composed principally of a 
•clear glassy feldspar, holding brownish olivine, diallage and mag- 
netite. The section is composed of clear feldspar, holding yel- 
lowish brown olivine, darker brown enstatite, and magnetite. 

The feldspar shows a clear brilliant polarization, while the 
polysynthetic twinning according to the albit^-pericline law is 
marked even in common light. The fibrous alteration has be- 
gun to appear along the cleavage planes and fissures giving it, in 
places, the common cloudy appearance seen in feldspars of con- 
siderable age. The olivine stands next in abundance to the feld- 
spar and is much fissured with a yellowish ferruginous staining 
ailong the fissures, and sometimes even extending through the 
entire ma8S of the mineral. It contains some magnetite, part of 
which is secondary, while the olivine itself appeal's to be foreign. 

The enstatite is mostly built out upon the olivine grains as 
an apparent continuation of them but only rarely do they cor- 
respond in optical orientation. The enstatite shows the begin- 
ning of alteration, indicated by a brownish color, and the devel- 
opment of fine smoky ferruginous bands parallel to the princi- 
pal cleavage. It also has an irregular cross fracture. The mag- 
netite is often bordered by forming fibrous biotite.t 

This rock answers to the olivine-noryte of Rosenbusch, and in 
its structure it somewhat macroscopically resembles some of the 



♦ See Llthological Studiea, 1884, pp. 75-81: Plate I, Figs. 5 and 6; Plate II, Figs. 1, 2 and 3. 
t Irving, Copper-bearing Kocks, 188, p. 51; Hawes, Lithologj of >'. H. 1878, p. 205; Wads- 
»w<.rtli, Llthological Studies, 1884, p. 77. 
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iKisaltic meteorites. Fig. 1, Plate III, shows the structure of the 
rock. 

512. N. E. J Sec. 25, T. 50, 15. 

A dark gray crystalline granular rock, composed of feldspar, 
magnetite, and diallage. The section is that of a clear typical 
gabbro of the finer grain. The section is stained yellowish brown 
in places by oxide of iron especially along the fissures and in the 
vicinity of the magnetite. Some secondary minerals, chiefly 
biotite, were observed. 

715.. Poplar lake. 

Is a grayish granular rock, composed of i)lagiocla«e, some oli- 
vine and pyroxene,*part of which has the cleavage and optical 
characters of enstatite and part that of diallage. 

692. South shore of Little lake. 

Is a grayish compact rock, composed of plagioclase, a little 
magnetite and irregular masses of diallage, holding rounded and 
irregular patches of enstatite. Both are more . or less cloudy 
from the secondary magnetite dust and needles. 

Fig. 2, Plate II, shows the structure and relations of the banded 
enstatite in its rounded grains inclosed in the diallage, the latter 
being cut by the colored feldspar. 

786. A brown crygtaUine granular rock. 

The section is composed of a fine granular mixture of plagio- 
clase, orthoclase, augite, diallage, enstatite, biotite, magnetite, 
and microlites. The structure is the granular structure seen in 
rocks owing to the recrystallization of their original materials. 
The feldspar contains much of the black dust and microlites 
commonly seen in the feldspar of gabbros. 

777. L. Lake. 

Is grayish brown porphyritic rock resembling that found 
in Gloucester, Mass., and belongs to the gabbros. The section 
is composed of large plagiochise crystals, lying in a crystalline 
granular groundmass of diallage, augite, biotite, uralite, mag- 
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netite, plagioclase, orthoclase, aud some quartz. All are in 
more or less rounded grains, and the general structure of the 
groundmass is that of one which has been formed by the recrys- 
tallization of its materials, i. e. the augite and diallage are the 
remnants of larger crystals, while much of the feldspar and all 
of the quartz, biotite, and uralite are the results of alteration. 
The biotite and uralite are formed from the pyroxene. The 
larger plagioclasa crystals are filled with elongated dark needle- 
like shapes which are arranged parallel to the twinning, clinopin- 
acoid, and other crystal planes. These needles polarize with a 
bright, yellowish brown color, like thin biotite plates. On 
further examination some sections are found cut obliquely to 
these needles, when they are found to be elongated, oval, yellow- 
ish brown plates of biotite. These plates are evidently an altera- 
tion product of the feldspar itself. • 

Plate IV, Fig. 1, shows the granular structure of this rock 
with the brown biotite on the right aud greenish hornblende at 
the bottom of the figure. The section in places shows the char- 
acters of a dioryte or hornblende schist. 

595. Silver islet. 

A grayish crystalline rock, taken from a diamond drill core. 

The section is composed of plagioclase with much enstatite^ 
part of which closely approaches the proto-bronzite of Prof. 
Judd, * some diallage or augite with much biotite, quartz, etc. 
The enstatite is altered in^^art to a dull, dark green bastite, aud 
to biotite. In the more highly altered portions of the section 
the quartz forms the graphic or eozoon structure, which, with 
the biotite, feldspar, and microlites, causes these parts to be 
granitic. A few pseudomorphs, apparently after olivine, occur, 
so it is doubtful whether this ^'ock would fall under the noryte 
or olivine-uoryte of Rosenbusch. 

691. Little lake. 

The section is composed of feldspar, diallage, magnetite, and oli- 
vine and is similar to Xo. 692. The olivine is largely altered to 
a yellowish green fibrous serpentine. This alteration hau> pro- 
ceded in a peculiar manner. In some of the olivine grains 

♦Quart. Jour. Geol. Soc. 18H.'>, p. 371. 
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l>and8 of black and brown plates and needles, which for the most 
part are arranged parallel to the axis of the greatest elasticity, 
although a few are at right angles to it. The olivine also has 
two well-marked cleavages parallel to these directions, along 
which lines the serpentinous alteration extends. But as the 
alteration is the greatest at right angles to the line of greatest 
elasticity, the more highly altered olivines present an alternate 
series of parallel bands of serpentine and partially altered oliv- 
ine. In some cases the planes of greatest altei-ation coincide 
with the line of greatest elasticity, while in some of the entirely 
changed olivines the serpentine is arranged in fine fibrous paral- 
lel bands occupying the entire surface. The diallage contains 
much magnetite dust and grains arranged mostly along the cleav- 
age lines, as a product of alteration. 

Plate XII, Fig. 2, shows the structure of some of the less 
altered olivines. 

700. Mayhew lake. 

Is a compact dark grayish crystalline rock, composed of dial- 
lage, olivine^ feldspar, and magnetite. Considerable of the second- 
ary biotite is found associated with the magnetite and diallage. 
This section has its minerals somewhat altered, the magnetite 
dust and grains being quite abundant in the diallage, while a 
chloriticlike vein traverses the section. 

Plate III, Fig. 2, shows the general structure of the rock with 
its brownish diallage, yellowish altered olivines, black magnetite, 
reddish brown biotite in the diallage and bordering the magne- 
tite, and colorless feldspar. 

714. South of Tucker lake. 

Is a grayish crystalline diabasic rock, whose section is seen to 
be composed of plagioclase, diallage, olivine partially altered to 
serpentine, orthoclase, etc. The diallage contains much second- 
ary magnetite dust and needlas. 

698. Mayhew lake, 

A compact gray crystalline gr.inular rock, composed of diallage, 
feldspar, and magnetite. Considerable of the feldspar is unstri- 
ated, and the arrangement of the minerals is like that commonly 
seen in rocks that have recrystallized throngh the agency of per- 
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colatiug watei^, i. e.-the present mineralogical composition and 
structure appear as secondary rather than primary, the same as 
Xo. 777, which is figured in plate IV, Fig. 1. 

705. Mayhew lake. 

Is a dark gray crystalline granular rock, containing distin- 
guishable feldspar and biotite. It is macroscopically diabasic. 
Its thin section under the microscope shows an irregular aggre- 
gation of short crystals, with rounded or irregular outlines, as 
seen in Nos. 777 and 698, which marks many rocks whose present 
structure is due in part or a whole to the recrystallization of its 
constituents under the influence of water action. The pyroxenic 
constituents, which may be the remains of original crystals, are in 
short, irregular, ragged crystals and grains considerably altered 
and belonging to enstatite. The feldspar is in i)art plagioclase 
and in part orthoclase, while magnetite, in part secondary, and 
secondary biotite and quartz are quite common. The rock ia 
metamorphic but in all probability a metamorphosed eruptive 
instead of a sedimentary one. 

51 L Miller^ 8 Creek. 

Is a fine grained crystalline granular rock of a diabasic char- 
acter and of a dark gray color, forming a contact with a fine 
grained reddish micro- granite. 

The sections are composed of feldspar, diallage and magnetite 
with secondary quartz, biotite, hornblende, apatite, and amphi- 
bole microlites. A few grains and crystals of Zircon and titan- 
ite were observed. The rock is quite altered but the alteration 
is greater in the section taken furthest from the contact. The 
diallage contains the common black tabular and rod-like inclu- 
sions, which in general are in parallel lines forming angles of 
from 80° to 90° with the orthopinacoidal cleavage. These in- 
clusions appear here lus one step in the alteration of the diallage, 
and they disupi)ear in direct proportion to the perfection of the 
orthopinacoidal cleavage. This cleavage shows first on the edges 
or thinner portionsjeaving the black microlites in the interior; 
but in the crystaline grains in which the cleavage extends 
throughout, the microlites are geni'rally entirely obliterated and 
the grain shows a cloudy felty structure. 



95 

514. 8. W. i Sec. 22, T. 50, 15. 

A dark grayish brown rock, composed of feldspar aud olivine. 
The section is formed of plagioclastic feldspar and olivine with 
a little diallage. The feldspar is somewhat cloudy from kaolini- 
zation, and the olivine is in part altered to a yellowish serpen- 
tine. The diallage is more or less filled with magnetite dust ar- 
ranged in bands mostly parallel to the orthodiagonal cleavage al- 
though sometimes seen to be oblique to it. These sections closely 
approach the characters of forellenstein,and the diallage is in so 
minute a quantity the specimen could well be called that rock, 
which is simply a modification of gabbro. Fig. 1, Plate V, shows 
the nearly unaltered condition of the rock with a few irregular 
bands crossing the olivine gi*ains, while Fig. 2, Plate V, shows a 
highly altered condition of the olivine in the same section. 

513. ^\ W. \, N. E. \ Sec. 27, T. 50, 15. 

• Is composed mainly of feldspar and olivive with some .magne- 
tite. A very little diallage was observed in one section. The 
feldspar is chiefly plagioclase, although a little apparent ortho- 
clase was seen. The olivine is of a greenish yellow color, and 
only slightly altered, but in places it shows distinct pleochroism 
varying from greenish yellow to a reddish brown through a yel- 
lowish brown. This is then a forellenstein. 

Another section, incorrectly numbered G70, is similar in char- 
acter to the above and has a little dichroic diallage, the color 
pa^ssing from a yellowish to a brownish. 

814. East of Beaver bai/. 

A greenish brown coarsely crystalline rock, composed of plag- 
ioclase feldspar and some altered olivine, changed toserpentint, 
aud thus comes under the head of forellenstein. 

818. East side of Sjilitrock point. 

Is a grayish crystalline granular rock and in places is altered 
to a reddish feldspar. 

The sections are composed of plagioclase aud olivine altered 
to greenish serpentine, with some quartz and other secondary 
products, thus forming a forellenstein. 
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287. Pigeon point. 



Has a section composed of plagioclase, diallage, magnetite, al- 
tered olivine and other secondary products. The olivine is re- 
placed by reddish and yellowish brown serpentine showing the 
usual network or *^ Masehenstructur^' of serpentine replacing 
olivine along a network of fissures. The diallage has suffered 
<5onsiderable alteration, is of a cloudy brownish color and in part 
replaced by biotite, chlorite, etc. 

697. Mayhetc lake, 

Lsa dark, somewhat rusty, brown rock, containing feldspar and 
biotite. The sections of this rock are composed of olivine, dial- 
lage, feldspar, magnetite, and secondary serpentine, hornblende, 
biotite, chlorite, etc. In its general appearance it is closely 
allied to wherlyt-e and picryte, but although its feldspar is sub- 
ordinate to the other minerals, yet it contains sufficient to carry 
it under gabbro. The olivine, in part, is clear, fissured, and' 
traversed along the fissures by bordering serpentine or ferrug- 
inous staining. Other olivines are nearly or entirely replaced 
by the greenish serpentine. The diallage contains some of the 
black needle-like inclusions, etc., but for the most part it has been 
ehanged to ,a brown felty cleavable mass; or to chloritic and 
amphibole products. The feldspar in part is much altered. The 
biotite varies from a deep reddish brown to a brownish yellow 
<»olor — colors to which its dichroism corresponds. The biotite 
is largely associated with the magnetite, often surrounding the 
grains of the latter. 

776. Between Duck and L lakes. 

Has its section composed of partially altered diallage, feldspar, 
magnetite, and secondary quartz, hornblende, biotite, etc. The 
diallage is filled with the usual black needles and grains, which 
also occur abundantly in the feldspar. Part of the feldspar ap- 
pears to be of a secondary origin, while numerous amphibole 
microlites of secondary origin extend through the quartz and 
feldspar. Fluid cavities occur in the quartz. The hand speci- 
men is a brownish gray, granitoid or dioritic rock, with tab- 
ular pinkish feldspar. It shows surface weathering. 
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781. Wind laJce. 



A gray crystalline granitoid rock, composed of gray feldspar, 
biotit€, hornblende, etc. Its section is similar to the preceding 
Xo. 776, but it has few microlites. The diallage has fewer in- 
clusions than that of No. 776, and is largely altered to horn- 
blende and biotite. The quartz is quite abundant, and the bi- 
otite is largely associated with and surrounds the magnetite. 
The analysis by Professoi-s Dodge and Sidener gave the following 
result. 

Si02 o3.43 

AUO;, 13.81 

Fe.Oj 5.08 

FeOz 9.8^ 

MnO trace 

CaO 8.t>5 

MgO 4.G4 

Na^O 2.51 

KoO 1.12 

H.,0 0.27 



J)8.97 



DIABASE. 

664* Tiro miles from Horseshoe hay. 

Has a section composed of brownish augite dissected by di- 
vergent feldspars and containing magnetite and some secondary 
products. As a rule the augite is a clear brown or yellowish 
brown, containing rows of magnetite, vapor cavities, and other 
inclusions arranged along fissures. It also shows in plaoes the 
fine parallel cleavage of diallage. This is usually towards the 
edges or in altered portions of the crystal. Yet these i>oints are 
of very minor importance compared with augite proper, which 
occupies about two thirds of the section. The feldspar is plagio- 
clase and in some places shows kaolinization. Both the pyroxene 
and the feldspar are traversed by numerous fissures which are 
bordered by yellowish and brownish ferruginous stainings. A 
serpentinous material forms brownish patches which may pos 
sibly be pseudomorphs after olivine, but it, with apatite, apoears 

13 
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ofbener to be formed by the alteration of the original interstitial 
base of rock. 

The section is traversed in one portion by a brownish and 
greenish vein of serpentinous material. 

The magnetite is either of foreign origin or was the earliest 
mineral to crystullize. This is followed by the feldspar, and 
lastly by the augite; the interstitial base being left an uncrys- 
tallized and easy altering material. In structure and character 
there is no reason this rock should not be called a gabbro, except 
that the pyroxene is essentially augite. The structure is de- 
cidedly granitoid. 

81 y. itiU near the month of Silver creek. 

Is a grayish brown rock having a resinous lustre. The section 
is composed of lath-shaped plagioclases cutting through irregu- 
lar masses of augite, also olivine grains and magnetite. The 
feldspars are quite clear but are in places somewhat kaolinized 
and contain a viriditic product as well as the remains of inclu- 
sions of the globulitic base. Trains of vapor cavities extend in 
the feldspar and are continued with and through the augite. 
This mineral is quite clear, of a brownish color, and shows 1 
characteristic irregular cleavage. 

The olivine is partially inclosed in the augite and is mii< 
fissured, with the border of the fissures formed by greenish, yel 
lowish, and brownish serpentine, which also borders the grai 
and sometimes extends through quite a portion of their 
The olivine is foreign and possibly the magnetite is the sam< 
but if not, it has been the first mineral to crystallize from thi 
magma followed by the feldspar and lastly by the augite, althoug 
the last two were nearly, if not quite, contemporaneous. 

In one portion of the section the twinning of tfie plagioclase i 
seen to be dependent upon the pressure exerted by the solidify 
ing augite. 

141. li^fit of Palisade creek. 

A dark, grayish-brown crystalline rock with a resinous I 
and contains vitreous feldspars. 

The section is much like that of the preceding except that 
distinguishable olivine wtis observed. As a secondary prodn 
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occurs, a radiated fibrous greenish material with aggregate polar- 
ization, much like that usually seen in forming chalcedony. 
.Another secondary product is seen, which is of a brown or 
yellowish color, and closely like th^hisingerite* oftheOvifak 
l>a8alt. The green product is associated with the feldspar in 
SL manner to indicate that it is formed by the alteraation of in- 
oluded and interstitial base, while the brown may possibly repre- 
sent the olivine, as well as some altered augit'C. 



228. DouhU bay. 

A brown crystalline rock, weathering te a rusty brown. 

The section is granitic in structure and composed of divergent 
lath shaped plagioclase, with much augite and magnetite. The 
section also contains abundantly an orange brown material re- 
sembling palagonite, which is partly isotropic and partly an- 
isotropic. It apparently has been formed from the alteration of 
interstitial basaltic base. 



SO. East point of Sucker bay, 

A dark greenish gray compact crystalline rock. 
One section is composed of numerous grains of olivine and 
iKnafises of augite arranged irregularly in the feldspar which is 
sometimes in aggregations of crystals and sometimes in diver- 
gent lath-shaped blades dissecting the angite. The feldspar con- 
^^ns the remains of an included globulitie base, so commonly 
seen in the plagioclase of modern basalts. 

The olivine is much fissured and more or less altered to a 
greenish serpentine. Greenish and yellowish brown secondary 
products, showing aggregate polarization, are common in the sec- 
t^ion. In another section of the same rock the feldspar contains 
xnuch of the altered globulitie base, while that mineral is largely 
in rounded and tabular aggregations of crystals. The olivine is 
liere altered, not only to the greenish serpentine, but also te a 
brownish yellow form. 

^ B. East point of Sucker bay. 

Is a coarsely crystalline gray rock, with divergent feldspars, 
holding interstitial dark silicates with magnetite. 

•Lithological Studies, 1884, pp. 202-203. 
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In the hand specimen and section it is like the gabbros. The 
feldspar is in the so-called saussurite state. It contains much sec- 
ondary quartz, orthoclase, and scale like plates. Many of the ap- 
parently clear unaltered portions show, in polarized light, that 
they are made up of leaf-like aggregates, while much of the feld- 
spar is too cloudy to aft'ect polarized light. Besides the feldspar, 
the section contains augite, magnetite, and various alteration 
products. The int^ji'stitial base has been replaced by a greenish 
chloritic material, greenish, cloudy, and colorless chalcedony 
and quartz. The augite is also considerably altered in places, 
while secondary apatite appears. Many of the feldspains, which 
in places still retain the plagioclastic striation intact, appear in 
polarized light to be homogeneous orthoclase, that feldspar ap- 
parently having in part replaced the plagioclase. 

752. S. E. 1, Sec. 30, T. 65, 6 ir. 

A grayish green crystalline rock, with a dark green ground - 
mass, containing greenish gray lath -shaped feldspars and dark 
augites. 

In the thin section the feldspars are mostly cloudy and kao- 
linized, although the triclinic character of some is ol>servable in 
polarized light. The augite is brown and largely altered to viri- 
dite, which mineral sulxstance replaces part of the feldspar. 
Some green pseudomorphs, apparently after olivine, were ob- 
served, while more or less actinolite, biotite, and chlorite was 
seen associated with the viridite and formed from it. Consider- 
able secondary quartz was noticed associated with the feldspar, 
while microlites are common both in the quartz and augite. 
Some apatite crystals were seen, as well as '^leucoxene-' and 
pyrite. 

22L East of Brule river. 

Is a dark brownish rock, containing pale yellowish vitreous 
feldspars. lender the microscope the section is seen to be com- 
posed of feldspar, pyroxene, ([uartz, magnetite and the remains 
of a former unindividualized base. The feldspar is veiy clear, 
polarizing with vivid .colors. ^Vhile part appears to be ortho- 
clase, the greater portion is plagioclase, much of which is 
twinned according to the albite and pericline law. The pyroxene 
more closely approaches in structure the characters of augite 
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than those of diallage; and the rock is liest classified tus a diabase. 
The former unindividualized base is filled with microlites, and 
has been altered to qaartz, opacite, andapalagioniteorhisingerite 
mineral, which is isotropic and of brownish color. This is 
similar to that observed by Tornebohm in the Ovifak basalt.* 
Although no native iron was observed in the rock- section No. 221 , 
this is strikingly similar to some of the sections of the Greenland 
iron-bearing rock. 

223. Four miles east of Brule river. 

A brown crystalline rock with lath-shaped feldspars. The 
section is built up of divergent lath-shaped plagioclase crystals 
with irregular masses of angite and magnetite. The augite 
shows in many places the cleavage of diallage arising through 
alteration. A few olivine grains were observed, as well as some 
dirty greenish brown patches that may represent altered olivine 
grains. The interstitial ba.se has now been replaced by quartz, 
a dirty greenish viridite, microliters, etc., giving rise to a rock 
that might now be called a quartz -diabase. 

788« East side of Burntwood lake. 

A coarsely crystalline rusty granitoid rock, traversed by nu- 
merous apatite needles. 

The section is composed of feldspar, augite, hornblende, biotite, 
quartz, apatite, magnetite, etc. The feldspar is altered and ka- 
olinized in part, and is both orthoclase and plagioclase. The 
augite is of a brownish color, and along its borders, and some- 
times throughout much of its msiss, has been altered to a green- 
ish fibrous and scaly or leafy substance. This, in places, i>ossess- 
es the character of green hornblende, and in others those of bi- 
otite. The apatite and quartz are clearly secondary, both occur- 
ing in the secondary hornblende. The augite and part, of the 
magnetite and feldspar are the only original minerals left. 

650. See. 36, T. 63, 1 E. 

Is a dark grayish brown, somewhat porphyritic rock whose 
section is composed of lath-shaped and* tabular feldspars, with 
augite, olivine, quartz, and biotite lying in a brownish ground- 

• Bebang Kongl, STeaska Vetens. Akad Uandl., 1878, v, No. 10, pp. 1-22; tee also Litbolog- 
ical Studies, 1884, pp. 202-2(i6. 
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mass. The feldspar is both orthoclase and plagioclase while 
part is secondary. The groundmass is now the replacement of a 
former basaltic groundmass, together with part of its porphyritic- 
ally inclosed minerals. At the present time this groundmass is the 
same as that of many quaitz porphyries, and is composed of a 
confused aggregation of quartz, feldspar, ferrite, magnetite, mi- 
crolites, mica scales, etc. The section, in certain portions, with 
its larger secondary quartz, could well pass for a felsite or 
quartz-porphyry. The augite is brownish and shows a strong 
tendency to alter into pale yellowish grains and irregular crys- 
tals associated with feldspar and quartz. This is seen most com- 
monly in the vicinity of magnetite masses. The pale yellowish 
grains and crystals show the general charactei*s of olivine, a8 
well as the interference figures of orthorhombic crystals. They 
are also positive, with strong double refraction. They are there- 
fore referred to olivine. However their general appearance is 
slightly dififerent in coloration, etc., from the common basaltic 
olivines, and this is naturally the case since one can not suppose 
a mineral formed by secondary agencies to be identical with one 
formed primarily, even if chemically and mineralogically they 
are the same. This olivine appears to represent a case parallel 
to the secondary olivine of the St. Paul's Eocks as described by 
the present writer.* 

Another alteration product is shown in the formation of scales 
and masses of biotite, which partially replace the augites, which 
in most cases remain, forming an elongated central band. The 
augite, in the earlier stages of alteration, is filled with a brown 
dust and varying from sometimes it is feebly pleochroic, the 
color chiefly brown to yellow. Apatite microlites are common, 
not only in the secondary groundmass, but also transfixing the 
olivine crystals. 

652. Near the Brule river, 

A grayish-brown crystalline aggregation of feldspar, augite, 
and magnetite. In the section the feldspar is partly altered and 
replaced by kaolinized. material intei-stitially arranged with 
graphic quartz. Part of the feldspar is distinctly plagioclase, 
and part of the augite has been changed to brown hornblende 

• Science, \^i, i. 590-r)92. Llthological Studies, 18$4, pp. 123-125. 
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and brown biotite. Apatite rods and microlites are to be seen 
associated with the graphic or eozoon quartz. 

774. Duck lake. 

A fine grained crystalline dioritic rock of pinkish brown color. 
The feldsi>ars are of a gray and pinkish color. 

The section is largely composed of feldspar and quartz ar- 
ranged in graphic or eozoon form. Besides these minerals much 
magnetite^ augite, a little diallage, hornblende, some biotite, yel- 
lowish pseudomorphs after olivine or augite, and microlites occur. 
.The angite in places is altered into uralite and at others into 
brown hornblende, which exhibits the characteristic cleavage. 
The J[>rown hornblende occupies part of the original augite areas; 
is contiguous with the augite mass and was formed from its alter- 
ation. The biotite is mainly associated with the magnetite. Al- 
though the pyroxene is abundant here, this rock answers to the 
augite syenyte of Irving, but has been formed from the further 
alteration of a basaltic diabase. 

640. East of the Brule river. 

A dark brown crystalline rock, containing lath-shaped and 
tabular feldspars. 

The section is compased of tabular and a few lath -shaped feld- 
8x>ars, with augite and magnetite in a brownish groundmass. The 
groundmass is made up a dirty greenish brown viriditic product, 
derived largely from the alteration of the former basaltic base, 
lath-shaped or basaltic plagioclase crystals, augite grains and 
microlites, magnetite, secondary orthoclase and quartz, and 
alteration apatite, microlites, etc. The general structure of the 
section is porphyritic. 

114. West of SplUrock river. 

A crystalline dark gray rock. The structure of the section is 
ophitic and it is composed of divergent plagioclase crystals cut- 
ting the irregular augite masses. The section also contains 
much magnetite and olivine, which is altered along its edges 
and fissures to a yellowish brown serpentine. The feldspars are 
clear, showing brilliant polarization, while the augite is pale 
brown and contains much disseminated magnetite dust. The mag- 
netite has, in places, a rectangular and oblique grating structure. 
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116. West of SpUtrock river. 

Is a (lark, coarsely crystalline rock, composed of feldspar, py- 
roxene and magnetite. The section shows a ma8S of divergent^ 
lath-shaped plagioclase, with a little apparent orthoclase, and 
with the interstitial portions filled with brownish fissured 
augite, olivine, magnetite, and secondary products. In this rock 
many of the original minerals remain clear or are but slightly 
altered. Of the silicates the augite has apparently suffered the 
least, being changed into aviriditic product at a few points only. 
The feldspar is altered and stained along the fissures and not infre- 
quently changed in places to viridite. The olivine is in part clear 
but much of it shows the usual alteration to brownish and g^reen- 
ish serpentine along the borders and fissures. 

The veriditic substance appears to have been formed in pait 
from an original base in the rock, and in part it shows a spher- 
litic structure, or contains numerous rod-like microlites. Color- 
less microlites occur in the feldspar. 

The augite shows excellently well the cleavage of that, min- 
eral, but is pleochroic, yellowish brown, light brown, and dark 
brown; as the color varies in different portions of the same 
crystal plane or section when in the same position, it is prob- 
able that the pleochroism is due to alteration which has 
affected the state of the iron, more in one portion of the crystal 
than in another. 

116 A. West of SpUtrock river. 

A gray crystalline rock, composed principally of feldspar, 
containing some dark silicates. 

The section is composed chiefly- of feldspar, mainly plagioclase, 
with some yellowish and brownish augite, magnetite, greenish 
brown pseudormorphs, apparently after olivine, and grayish 
brown ones after augite. 

639. One mile east of Silver creel: 

A dark grayish brown crystalline rock. The section is com- 
posed of plagioclase, augite, olivine, magnetite, viridite, apatite, 
etc. 

The olivine in part is fissured, with the fissures bordered by a 
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dark or yellowish brown serpentine, leaving clear interstitial oli- 
vine grains. Other olivine crystals are entirely altered to ser- 
pentine. The section shows much fibrous viriditic material, of 
a dark green color, and arranged in patches containing numer- 
ous spherulites of the viridite. This viriditic altei^ation is large- 
ly associated with the augite and would appear to arise from the 
alteration of that mineral and the original basjiltic base. A lit- 
tle altered globulitic base yet remains inclosed in the feldspars. 
Sonxe of the augite shows the cleavage of diallage. 

291. Extremity of Pigeon point, 

A gray crystalline rock with predominating feldspar. 

Section is porphyritic containing tabular feldspars (plagio- 
clase) in a matrix of plagioclase (lath-shaped), augite in irregu- 
lar masses, olivine grains, magnetite, biotite, viridite, etc The 
augite is somewhat pleochroic, and the olivine more or leas al- 
tered, having a clear yellowish centre and a fibrous altered bor- 
der, when the alteration has not affected the entire crystal. Some 
altered globulitic glass is to be seen in the feldspars. The bio- 
tite is a secondary product. 

358. Mt Josephine. 

A gray compact and somewhat coarsely crystalline rock with 
predominating feldspar. 

The section has its chief portion composed of a matted mass of 
feldspar crystals (plagioclase), somewhat kaolinized, holding 
much olivine in pale yellowish grains, and augite in very sub- 
ordinate quantities, with pyrite and magnetite. T^e olivine is 
only slightly alt<3red, as a rulle, to a greenish serpentine, while the 
augite in some places shows the secondary diallage cleavage. 

603. 8t Louis river near Knife falls. 

A brownish gray medium grained crystalline rock, weathering 
ta a yellowish brown. 

The section is composed of lath-shaT)ed plagioclase crystals, di- 
vergent, and holding in the interstices augite, olivine, magnetite, 
and secondary spherulitic viridite, quartz, biotite, serpentine, 
etc. 

14 
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The augite has in part crystallized about the. olivine as a cen- 
tre; it is somewhat pleochroic, partially altered to biotite, and 
often cloudy from disseminated magnetite dust. 

The olivine has largely been altered to a dark green serpen- 
tine with much precipitated magnetite. The greenish and brown- 
ish biotite is abundant as a product of alteration of the augite, 
the crystals of the latter showing various stages in the processs 
of this change. This alteration begins at the central augite 
core and passes in the same continuous mass through the gi:eeo- 
ish biotite into the perfect brownish biotite. 

Secondary quartz occurs, both in irregular patches and in the 
graphic or eozoon form with cloudy feldspathic material. In 
connection with the quartz are long microlites. 

1397. English rapids. 

A gray crystalline rock of medium texture but compact. 

The section is similar to that of the preceding, No. 503^ The 
augite, in places, shows the secondary diallage cleavage imper- 
fectly, while the olivine is but little altered, both minerals con- 
taining numerous magnetite grains. Considerable secondary bi- 
otite occurs bordering the magnetite. The olivine affords the 
nuclei for the augite to crystallize about. 

261. Hills of Grand portage. 

A Grayish brown rock, weathering to a rusty brown. Medium 
grained and granular 

Section composed of irregular masses of augite holding olivine 
and magnetite, and dissected by lath-shaped divergent plagio- 
clase crystals. The olivine is abundant and is more or less 
altered to yellowish and brownish yellow serpentine. Consider- 
able green viridity and some biotite formed from it occur in the 
section. The augite, as well as the olivine, often contains much 
magnetite in disseminated grains, while the former shows the 
secondary diallage cleavage in places. 

63. EaM Dnluth. 

This is micrascopically a dark gray compact crystalline rock, 
showing lath-shaped feldspars. Microscopically the section is 
seen to be composed of a brownish augite, feldspar, olivine, mag- 
netite, apatite, and various secondary products. The augite 
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shows the aphitic structure first described by M. Michel L^vy,* 
and later by Professor Pumpelly under the name of **lustre- 
mottlings."t Attention has further been called to this structure 
by Professors A. Geikie,J E. D. Irving^ and J. W. Judd.|| 
This structure consists of a large irregular area or various 
areas all belonging to the sa me augite or diallage individual and 
cut by lath -shaped divergent feldspars. In one form or another 
this structure is very common in the diabases, and usually is the 
form of Qrystallization standing next to the granitic, iii its coarse- 
ness of texture, or one step nearer the fine grained basalts. 
Many of the preceeding described rocks show the ophitic struct- 
ure more or less perfectly, but not so well as this section. The 
olivine is altered for the most part to greenish, yellowish brown, 
brownish yellow, and black serpentine containing secondary 
magnetite sometimes marking the former olivine fissures. Con- 
siderable dirty green viridite and secondary apatite occur in the 
section, while some secondary biotit^ was observed in the vicin- 
ity of the magnetite. Tlie augite in places has the secondary 
cleavage of diallage. 

53 B. East Duluth. 

A dark reddish brown rock containing pinkish and gray feld- 
spars in a dark brown groundmass. 

683. Between Little hike and Little Tyrant lake. 

A gray crystalline rock containing lath-shaped plagioclase 
crystals and in the section it is seen to be composed of lath- 
shaped plagioclases with a few tabular feldspars forming diverg- 
ing angles with eacH other and cutting the yellowish brown aug- 
ite, which approaches diallage in its cleavage. Some greenish 
altered olivine pseudsmorphs of serpentine, carrying magnetite 
occur, while the augite is in part replaced by hornblende, chlor- 
ite, and viridite, which alteration products occupy much of the 
mass of the section, vhose structure otherwise is ophitic. 



• Bull. Soc Geol. France, 1877, (3), vi, 156. 

t Proo. .Am. Acad., 1?)78, zill. 260. 

X Trans. Roj. Soc. Edin., 1880, xziz, 495. 

g The Coppei^bearing Rocks, 1883. p. 42. 

I Quart. Jour. Oeol. Soc, 1889, pp. 860, 361; 1886, p. 68. 
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492. Near Knife Falls. 
296. Partridge portage, 
298. South Fowl lake. 

Those are line grained gray crystalline rocks, approaching 
closely upon the more coarsely crystalline type of the melaphyrs. 

No. 492 is ophitic in structure and contains some olivine which 
is largely altered to a greenish or brownish serpentine. Consid- 
erable viridite also occurs. No. 296 is similar, but the olivine is 
abundant, and but little altered, while the feldspar has suffered 
considerable kaolinization. No. 298 has suffered still further 
alteration, the olivine being nearly obliterated, and the augite 
in places being altered to viridite, green and brown hornblende, 
and biotite. Much secondary quartz, apatite, etc., occur. 

49. iMduth. 

A dark brownish gray rock of a somewhat porphyritic text- 
ure. 

The section is granitic in t<ixture and composed of lath shaped 
somewhat kaolinized feldspar, magnetite, brownish augite, 
greenish pseudomorphs of serpentine after olivine bearing much 
magnetite, apatite, viridite, pyrite, and quartz. Of these the 
only original minerals are the feldspar, augite, olivine, and part 
of the magnetite. 

615. Xear Pigeon point, 

A dark gray crystalline rock. The section is composed of 
plagioclase, magnetite, augite, and abundant secondary pro- 
ducts, the chief of which are viridite, chlorite, biotite, apatite^ 
magnetite, and quartz. 

The augite is reddish brown and has suffered much alteration* 
The least altered portions are clear, but of a brown color; those 
portions more highly changed are filled with the dust and 
needles of magnetite, the same as is usually seen in the diallage 
of gabbros, while the most highly altered parts are clianged to 
viridite, chlorite, biotite, etc. * 

469. Lower falls of the St. Louis river. 

A grayish brown crystalline rock, with its feldspar tinged 
with a ruddy hue. 
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The section is composed of feldspar, chiefly plagioclase, augite, 
magnetite, and various secondaiy products. While the section 
in places is an excellent diabase, in other parts it is an equally 
perfect quartz dioryte, being composed of plagioclase, quartz- 
magnetite, hornblende, and some biotite. Secondary quartz in 
the graphic or eozoon form is quit^ abundant in portions of the 
section, and the rock in places shows the groundmass of a quartz 
porphyry. Pseudormorphs of serpentine after olivine are not 
uncommon. They are filled with hematite and magnetite. Viri- 
dite and ferriteare also quite abundant in the groundmass, with 
plates of chlorite and biotite, apatite needles, quartz, etc. 

695. Xorth shore of Mai/heic lake. 

The section is composed of feldspar, atigite, magnetite, 
serpentine pseudormorphs after olivine, viridite, secondary 
<iuartz, apatite, microlites, biotite, etc. The augite for the most 
part is of a pale, yellowish tinge, with high, refractive power, 
and is closely like olivine, but diifei-s optically. On its borders 
it is largely altered to a grayish brown fibrous material and to 
biotite. 

137. Sec. 28, T. 56, R. 7. 

Is a greenish crystalline rock filled with a greenish earthy 
material. In its geoditic cavities it contains quartz crystals sur- 
rounded by the green earth. 

The structure of the section is granitoid and compased of dark 
greenish brown augite, highly altered feldspars, magnetite, and 
as secondary products much quartz and a bright green substance. 
The augite closely resembles some brown hornblende, but it is 
only feebly pleochroic, and shows the cleavage of augite dis- 
tinctly. The color and appearance is doubtless owing to a par- 
tial alteration towards hornblende. Although the feldspar is 
much altered and filled with micaceous scales, it shows in places 
thetriclinic twinned polarization. The clear deep green min- 
eral is in aggregately polarizing masses, and in radiating 
spherules. The extinction occurs when the fibres are parallel to 
the plane of vibration, while the mineral is slightly pleochroic, 
varying from dark green to light green and to pale yellowish; 
and hence is most probably delevSsite. 
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47. Superior street, DuJuth. 

A brown crystalline and somewhat porphyritic rock with its 
feldspars partially tinged with red. Contains pyrite. 

The structure of the section is ophitic and composed of diver- 
gent feldspars cutting the irregular augite grains. Angular 
patches of a former interstitial basaltic groundmass are now re- 
placed by brownish and greenish scales of chlorite, viridite, fer- 
rite, quartz, etc. Many aggregations of greenish and brownish 
chlorite occur in the section, replacing augite, and some from 
their structure and contained magnetite are probably pseudo- 
morphs after olivine. The feldspar is much altered, showing 
aggregate polarization and containing numerous grains and scales 
of quartz, chlorite, and other micaceous minerals. 

6. Ihduth, 

A dark gray crystalline rock with lath-shaped feldspars. Some 
of the felpspar is tinged with red. 

The section has all its silicates more or less altered to quartz, 
chlorite, biotite, and magnetite. The pyroxenic constituent has 
in most places the characters of augite, but in some parts those 
of diallage. The section contains numerous microlites and 
needles of apatite, which I consider to be of secondary origin and 
produced during the process of the rock alteration, as in many 
cases they are found inclosed entirely in the secondary quartz. 

In places the section has the reddish-brown groundmass of 
porphyrytes, composed of ferrite, chlorite, quartz, feldspar, mag- 
netite, etc. Chloriticpseudomorphs, apparently after olivine, are 
common. 

638. North side of Bncatnpnient island. 

A dark brown rock of compact crystalline texture, and some- 
what dark spotted. 

The section is principally composed, of aggregations of lath- 
shaped plagioclase crystals, cutting detatched irregular patches 
of angite. The feldspar contains inclosed much altered globuUtic 
base as well as minute granules, which fleck the central portions. 
The section contains several patches of colorless and brownish 
chalcedonic material, showing spherulitic polarization in places. 
Mnch viridite and chlorite was observed, particularly in the 
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feldspars, while a chlorite vein crosses the section, with the 
fibres at right angles to the walls. 

300. FaU River mine. 

Is a dark brown cryst-alline rock, slightly porphyritic and 
showing the lustre mottlings of Pumpelly in places. It has been 
I>enetrated by the secondary native copper which is wrapped 
around the jointed fragments of the rock. It varies much in differ- 
ent portions in the amount of its alteration. 

The section is composed of aagite cut irregularly by basaltic 
plagioclase and interstitially holding magnetite, olivine and 
secondary viridite, chlorite, quartz, etc. The section in the 
vicinity of part of the magnetite is stained yellow and red by 
ferric oxide. The olivine is mainly altered to brownish hema- 
tite, to magnetite, and to yellowish and greenish serpentine. 
Part of the section is ophitic in structure and part (jrannlitic^ as 
that term is used by Judd.* 

200 A. Fall River mine. 

Is described as a concretion in No. 200. In the le4ist altered, 
and most coarsely crystalline portions, it is composed of pinkish 
divergent, lath-shaped feldspars, with interstitial dark material. 
Irr^ularly intermingled with this are dark brown to black or 
yellowish brown masses and streaks of decomposed and softened 
rock with a hardness of about 3. In the coarsely crystalline 
X)ortions occur segregations of chalcedony, epidote, zeolites, etc. 

The least altered portions of the sections are composed of 
augite, magnetite, and feldspar, with various secondary products. 
The augite is but little changed to viridite and is of a clear pale 
yellow or yellowish brown color. The feldspar, however, has 
suffered much, being kaolinized, and contains viridite. Along 
the fissures and in the patches of kaolin and ferrite occurs con- 
siderable native copper, as a secondaiy product, or else as an in- 
filtration. It was not observed in connection with the augite, and 
but rarely near the magnetite, although one might naturally ex- 
X)ect to find it in connection with that mineral. The copper, in- 
deed, appears mainly in the interior of the feldspars during'that 
stage of their alteration, in which they are brownish-gray from 
the disseminated kaolin with subordinate ferrite, but the copper 

• Quart. Jour. Gcol. Soc., 18S6, pp. G8, 69. 
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disappears when the alteration is carried still further, as it often 
is, in the section. The feldspar here is largely replaced by 
viridite and chalcedonic patches. In the sections of the more 
highly altered portions of this rock, the aagite is changed, for 
the most part, to a dirty green viridity and chlorite, which show 
oftentimes a spherulitic structure. In the more highly altered 
parts many apatite needles occur. 

In the portions of the rock which are most altered the chalce- 
dony forms beautifully polarizing radiating concretions; and the 
general appearance of the rock is that of granite, instead of that 
which it really is — an altered coai-se-grained diabase. 

602. Xear Knife falls. 

A grayish brown crystalline rock weathering to a rusty brown. 

The section is composed of lath-shaped plagioclase crystals ar- 
ranged at diverging angles and holding interstitially the uni- 
form remains of a basaltic base, also abundant brown augit^, 
grains and rod-like masses of magnetite, and yellowish, greenish, 
and brownish pseudomorphs after augite and olivine. The base 
has been altered into a brownish granular and fibrous mass con- 
taining numerous black and colorless microlites. Biotite and 
viridite are common. 

253. West of Grand Portage village, 

A grayish brown crystalline rock, whose section is composed 
of augite, plagioclase, magnetite, and olivine largely altered to 
yellowish brown serpentine. In places the groundmass has been 
altered to a confused mass of feldspar, quartz, viridite, ferrite,- 
and microlites. Viridite is abundant, particularly as secondary 
product of the augite, and biotite and ferrite are common. 

107. Point opposite of Encampment island, . ' 

A dark brown, somewhat spotted, slightly porphyritic rock. 
Considerably altered. 

The section is greenish, containing dark brown spots that may 
possi\)ly be olivine pseudomorphs, but which more probably 
indicate the beginning of a pseudo-amygdaloidal structure. The 
structure of the section otherwise is ophitic, and besides the au- 
gite, plagioclase, and magnetite it contains much viridite,formed 
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both from the alteratiou of the augite and of the fel(lsi)ar. Apa- 
tite needles are common in the more highly altered portions of 
the sections. 

The feldspars contain numerous patches of altered globulitic 
base arranged zonally as they are often seen to be in the modern 
basalts. 

106. Eticampment island. 

A dark brown rock, showing lustre-mottlings and segregations 
of secondary material as well as dark spots of soft altered matter, 
the same as that seen in 200 A.* and apparently the same as the 
material formed in the rocks of Eastern Mass. iis the beginnings 
of a x>seudo-amygdaloidal structure. 

The section is similar to that of No. 107, although it is more 
altered. The augite in places has been replaced by a dirty white 
opaque substance that closely resembles leucoxene, especially as 
it is usually associated with magnetite grains. Yiridite is an 
abundant secondary product, both of the augite and of the feld- 
spar, while the latter is often filled with inclusions of altered 
globulitic base. 

427. Ely island. 

Section greenish brown and of an ophitic structure. The feld- 
spara^are chiefly plagioclase and are clear, except a certain bright 
green alteration product, probably delessite. Olivine is ooninion 
in fissured grains, which are altered to a greater or k\>s extent 
to a green, dark brown, or yellowish brown serpentine. The 
augite is but little changed and shows the secondary diallage 
cleavage in places. 

116. Between Split rock point and Tico- Harbor hay. 

A dark brown crystalline rock with dark spots of soft decom- 
posed material. 

The structure of the section is ophitic and contains plagioclase, 
augite, olivine, magnetite, biotite, and much deep green viridite. 
The viridite and yellowish brown biotite occur in the feldspar, 
which is more altered that the augite. The olivines have mainly 
been changed to dark green or dark brown masses. 
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797. Taylors Falls. 

A compact, greenish gray rock with feeble mottling. E^ra ctnre 
ooncholdal. 

The sections contain clear patches composed of a single, irr^- 
nlar augite individual in which lie numerous feldspars as de- 
scribed by Prof. Pumpelly as mentioned previously. This augite 
and the feldspar are not much altered, but outside of this is a 
confused zone of altered augite, feldspar, magnite, and olivine, 
with their secondary products of epidote, viridite, chlorite, mica 
scales, magnetite, quartz, feldspar, etc., giving rise to a granu- 
lar, aggregately polarizing groc^ndmass, in which some of the 
original feldspar, augite, etc., can be distinguished. 

864, Mannheim's silver mine, Ihduih. 

A compact brownish green rock, showing traces of lustre 
mottlings. Very compact and breaking with a conchoidal 
fracture. The thin section is similar to 797, but it has suffered 
further alterations. In the section are light green spots sur- 
rounded by a darker, greenish brown groundmass. The light 
green spots are formed by augite individuals dissected and gene- 
rally with the component parts entirely separated by the altered 
plagioclase and viridite. Sometimes these augite masses show 
in polarized light, that they are composed of two or more indi- 
viduals. The groundmass is mainly composed of chlorite, 
viridite, epidote, feldspar, ferrite, opacite, and some pseudo- 
morphs, apparently after olivine. 

678 (f) ]!^ear Little laJce. 

This section is granitic in structure and contains much mag- 
netite. 

The augite is very largely altered to yellowish and greenish 
viridite and chlorite. The felhspar is kaoliuized and in part al- 
tered to viridite, while the intertestial base is replaced by viri- 
dite, chlorite, and quartz with magnetite. Microlites are 
common. 

717, Near Duncan lake. 

A brownish gray, crystalline rock. 

The section shows that the rock has been much altered. Part 
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of the original feldspar, augite, abd magnetite remain intact, 
bnt much of the augite has been replaced by brownish horn- 
blende, particnlarly along the borders and ends of the crystal. 
Some of this hornblende shows the well-marked prismatic am- 
phibole cleavage. The feldspar and augite are also both altered 
to viridite, while secondary quartz, replacing the feldspar, is 
abundant. In this rock we have a diabase showing a stage ap- 
proaching near to the formation of a quartz dioryte by alteration. 

719. South shore of Gunfiint lake. 

A dai'k grayish brown crystalline rock. 

The section is similar to that of the preceding No. 717, but con- 
tains secondary biotite from the alteration of the augite. The 
secondary quartz is abundant, and, together with the other sec- 
ondary minerals, is traversed by numerous actinolite and apatite 
needles. 

T22. Sec. 26, T. 65, 3 W. 

A fine-grained compact crystalline rock spangled with i)yrite. 

The section is similar to those of Nos. 716 and 719, and it still 
shows in polarized light its original structure of divergent feld- 
spars with the interstitial portions of pyroxene, etc. But the 
section is now largely composed of secondary minerals, such as 
chlorite, viridite, biotite, quartz, magnetite, hornblende, etc., 
with kaolinized feldspar and some augite. In placei^ it shows 
aggregations of secondary magnetite, with their interatitial por- 
tions filled with biotite, which is also an alteration product. 
These forms simulate closely the appearance of a mineral par- 
tially destroyed by the molton magma, instead of being what it 
actually is — a mineral (biotite, holding magnetite,) in the pro- 
cess of formation. The augite, when altered, leaves dirty gray 
cloudy grains and masses resembling leucoxene, while in the 
midst of some of the quartz, chlorite, viridite, etc., are to be seen 
dark orange red and yellow secondary granules resembling titan- 
ite. They are translucent and anisotropic. Actinolite and 
apatite needles are not uncommon. 

260. Near (he head of Waimcaugoning hay. 

A gray crystalline rock of medium grain and with lath -shaped 
feldspai-s. 



This is a bighly altered diabase with a section similar to those 
of Nos. 717, 719 and 722. 

Another section has the opliitic structure, of divergent plagio- 
clase, dissecting augite masses, wi^h interstitial augite, magne- 
tite, yellowish brown altered olivines, and secondary green horn- 
blende and viridite arising from the alteration of the augite. 

590. Bottom of Silver Met mine, 

• 

A greenish gray, comi^act crystalline rock, composed of a 
grayish feldspathic mass, inclosing crj'stals of greenish horn- 
blende. 

The section is composed of more or less altered divergent feld- 
spar crystals, holding interstitial biotite, chlorite, viridite, 
quartz, titanite, etc. From the ophi tic structure of the section, 
and the basaltic character of the feldspars, the writer has no 
doubt that this is an altered diabase, but the augite has been 
entirely changed, no trace now remaining, except in the pseudo- 
morphous chlorite, etc. The titanite in this has so increased in 
size as to have its crystallographic form recognizable. It is of 
the usual orange yellow color, and is in aggregations of crystals. 
The biotite is formed on the edges ot^ and is continuous with the 
chloritic or viriditic masses, as if the biotite was formed from 
the development of the chlorite is material. 

843. Motley. 

A brownish gray cr3\stalline dioritic rock. 

The section is composed of plagioclase, mort^ or less altered to 
kaolin, viridite and quartz, with magnetite, and augite. The 
augite is surrounded by green and brown hornblende, continuous 
with the augites, and produced by its alteration. 

758. South of Offlshl'ie Muncie Jakes, 

A grayish green crystalline rock. In the section this diabase 
is seen to be much altered. Its structure is ophitic, and the 
augite remains in places in distinct cores, surrounded by green 
hornblende. Quartz, viridite, chlorite, biotite, actinolite, 
titanite grains, etc., occur with the hornblende as secondary pro- 
ducts. Leucoxene occurs with the iron ore. which is arranged 
in dash-like bars. These bars form rectangles and rhombs with 
one another — one perfect rhomb measuring for its inside angles. 
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aproximately, 70° 30' and 109° 30\ Several other imperfect 
rhombs yielded on measurement about the same angle. 

529. Beaver bay. 

A dark brown crystalline rock. 

The section shows that the rock is in an altered condition, 
much of the aagite being changed to viridite and brown horn- 
blende. Secondary quartz and microlites are abundant. The 
feldspar in places shows still its plagioclastic twinning, and the 
angite in part has the secondary diallage cleavage. 

716. Between Duncan's and Mud lake. 

A greenish gray crystalline rock, somewhat altered, micro- 
scopically, while the section shows that it is microscopically a 
much altered specimen. Some of the augite is distinguishable, 
but most of it is nearly or entirely altered to viridite and green 
hornblende, part of which, however, is stained brown. The feld- 
spar is also much changed to the ^common dirty white kaolin- 
like substance, while its clear spaces are replaced by secondary 
quartz, orthoclase, and plagioclase. Considerable apatite, bi- 
etite. and magnetite occur. 

749. 8. E. \ Sec. 28. 

A dark green crystalline rock. 

The section shows the usual structure of altered diabases, and 
is composed of divergent, quite largely altered feldspars (plagio- 
clase), with the interstitial altered angite, magnetite, and second- 
ary viridite, chlorite, biotite, hornblende, etc. The magnetite 
is associated with leucoxene and yields on measurement the same 
angles as that seen in No. 758. 

169. Island No. 2 

A dark greenish gray groundmass inclosing gltussy porphyritic 
feldspars, showing triclinic twinning. 

This section is that of a highly altered diabase, with only 
traces of the original augites left. Besides the partially altered 
feldspars, it contains much secondary hornblende, biotite, virid- 
ite, quartz, and apatite. 
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708. North of Mayhew lake, 

A crystalline granular dioritic rock, of a rusty gi*ay color. 

The section is similar to the preceding No. 269. The sec- 
ondary hornblende is, next to the feldspar, the most common 
mineral in the section, and there is a well-marked quartz dioryte. 

709. South side of Loon lake. 

A dark grayish brown to black, crystalline granular dioritic 
rock. 

This, like the preceding, is a quartz dioryte, in its section, 
showing in the midst of the green hornblende traces of augite 
cores. Biotite is also quite common. 

# 
55. East Duhith, 

A reddish brown, varying to a dark brown, crystalline granu- 
lar rock. 

A section of this shows it to be a greenish, altered diabase, 
now forming through internal changes a quartz dioryte. The 
secondary quartz is very abundant. The section also contains 
feldspar, biotite, ferrite, chloritie, viridite, and magnetite. 

693. Silver Islet mine. 

A greenish gray diabase, composed of gray feldspar inter- 
minged with a greenish groundmass. 

This, like the preceding, is now a quartz dioryte and contains 
some biotite. 

284. Lucille island 

A fine grained, greenish gray groundmass with inclosed por- 
phyritic feldspars, which in places show the structure of glassy 
plagioclase but in other parts are cloudy and dull or milky 
white through alteration. The thin section shows that it is now 
a fine grained quartz dioryte holding porphyritic feldspar crys- 
tals partially replaced by quartz. The groundmass is composed 
mainly of altered feldspars and secondary quartz and horn- 
blende. , 

755. South of Ogishkie Muncie lake. 

A dark green compact rock with a conchoidal fracture. This 
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is a greenish rock in the section and it is now composed of lath- 
shaped basaltic feldspars, holding interstitial magnetite and 
secondary hornblende and viridite. The rock originally was a 
basalt, bnt is now altered to a dioryte. 

826. Near Taylors Falls. 

A dark green compact rock, containing much epidote. Breaks 
with a splintery <K)nchoidal fracture. 

The section is that of a highly altered diabase, the only por- 
tions of its original structure being the remains of the divergent 
feldspars and some apparent opacite pseudomor phs after olivine. 
The rock now is composed of granules and plates of secondary 
minerals like green hornblende, chlorite, viridite, epidote, 
quartz, feldspar, ferrite, opacity, magnetite, etc. The epidote, 
in pale yellowish granules, is abundant. 

733. Frogroek lake. 

A greenish compact rock with a conchoidal fracture. Trav- 
ersed by veins of epidote, and its joints coated by crystals of the 
same. 

The section shows a highly altered diabase, now changed to a 
dioryte, and composed, for the most part, of divergent altered 
feldspars, with divergent uralite crystals, interspersed with 
plates, needles and fibres of green hornblende, chlorite, opacite, 
etc. Considerable epidote was seen. 

358. West end of Long lake. 

A compact green rock filled in with much secondary quartz. 

The section is composed of kaolinized or granulated altered 
feldspars with patches of fine scales of chlorite and mica, and 
with pyrite, opacite, quartz, feldspar, etc. The alteration of 
this, as of several of the preceding diabases, is complete, and 
none of the minerals now present are original, but all are the 
products of alteration, while the rock itself is no longer a 
diabase, mineralogically, but is classed]under that variety of ba- 
salt as an extremely altered state of diabase, commonly called a 
quartz dioryte. 
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736. Frogrock lake. 

A greenish gray crystalline rock composed of gi-ay feldspar, 
associated with greenish silicates. It closely resembles No. 598 
but is more altered. 

The section is gray and of a granitic structure. It is composed 
gray granular altered feldspars with crystals of partially altered 
augite. 

The augite is partly replaced by uralite, chlorite, et<;. Some 
quartz epidote and colorless mica plates were seen. 

778. Between Dxtck lake and L lake. 

A crystalline granular rock composed principally of feldspar 
and hornblende. Its structure is dioritic. 

The section is composed of feldspar (largely plagioclase), au- 
gite cores, and secondary quartz, biotite, hornblende, magnetite, 
and microlites. The augite cores are surrounded by and pass 
into both biotite and uralite. The rock is now a quartz-biotite- 
dioryte, but the writer has no doubt that it is simply an altered 
diabase to which its augite and feldspar allies it. 

606. Pigeon point. 

A gray crystalline granular granitoid or dioritic rock com- 
X>06ed macroscopically of feldspar, biotite, and hornblende. 

The section is that of a highly altered but fresh rock composed 
now of feldspar (partly plagioclase), quartz, biotite, hexagonal 
plates of menaccanite, rhombic pyroxene (hypersthene), virid- 
ite, etc. The quartz and feldspar are frequently united, giving 
to much of the section the graphic or eozoon structure. The 
hypersthene is partially altered to viridite and biotite. This 
rock is taken as an altered diabase containing rhombic pyroxene 
(noryte or hypersthenyte), which now has the characters of a 
biotite granite with accessory hypersthene. 

403. Vfrmilion lake, 

A compact dark green rock, with a somewhat schistose struc- 
ture, but which the writer regards as a highly metamorphosed 
diabase. 

The section is that of a much altered but fresh rock, composed 
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of greenish and yellowish hornblende, quartz, feldspar (partly 
plagioclase), with biotite, epidote, titanite, pyrite, and micro- 
lites. In its present condition it is best classified as a quartz- 
dioryte in the common nomenclature. 

761. Near OgiahMe Muncie lake. 

A fine-grained greenisn rock sprinkled with pyrite, and break- 
ing with a conchoidal fracture. 

The sections show an entirely altered rock composed of green- 
ish chlorite scales, colorless micaceous plates, and numerous 
granules of pyrite and magnetite. Although no absolute proof 
can be obtained from these sections to show the original status 
of the rock, yet from what the writer has seen from other local- 
ities he considers this to be a highly altered diabase, now form- 
ing a chlorite rock or compact chlorite schist. 



POUODYTE. 

737. Norihwe9t of Frogrock lake. 

A greenish gray, fine grained, schistose fragmental rock, con- 
taining a few quartz grains. 

The section is grayish green and composed of fragments of old 
basaltic rocks (melaphyr) with some probable andesite frag- 
ments, and a few of other rocks. The basic eruptive material 
retains its structural characters but has its base and grouudmass 
altered to a confused fibrous and scaly plexus of green chlorite 
and colorless micaceous minerals with magnetite dust. The por- 
phyritically inclosed feldspars in the melaphyr and andesite 
fragments are largely altered to colorless micaceous scales, but 
still retain their plagioclastic characters, distinguishable'in pol- 
arized light. Chlorite, in plates, is also common. Considerable 
quartz was observed in the rock mass and in larger grains, but 
it is doubtful if any of the grains are original, but are rather 
formed by the secretion of silica during the process of the rock 
altesation. Much pyrite of secondary origin and a small frag- 
ment of jasper were seen. There occurs, as an alteration pro- 

16 
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duct, in the section, some microlites and radiating small bluish 
or brownish crystals. They are generally associated with quartz 
or pyrite as the nucleus for radiation, and are uniaxial negative, 
varying in dichroism from a greenish blue to a brownish yel- 
low. They are here referred to tourmaline. This mineral is 
not given in Prof. WinchelPs list of minerals found in Minnesota, 
published in the annual report for 1882, and no mention is made 

• 

of it in the index to Irving's Copper-bearing Bocks. 

760. North side of Dyke lake. 

A greenish schistose rock, containing pebbles, fragments and 
grains of quartz, etc. 

The sections are composed of fragments of diabase, melaphyr 
and quartz, with interstitial material composed originally of 
their debris. One of the melaphyr fragments, evidently, was 
nearly in a glassy stat« in its original condition. The non- 
quartzose material retains its structure largely, but beyond this 
it has been altered to chlorite and colorless micaceous scales. 
The feldspars retain their outlines but are entirely filled with 
the colorless mica scales, and show aggregate polarization. Py- 
rite, in striated cubes, is very abundant as a secondary constitu- 
ent of the rock. The quartz probally came from some granitoid 
rock. 

739. Northeast of Ogishkie Muncie lake. 

A dark greenish, compact feldspathic groundmass with green- 
ish material scattered irregularly through this groundmass. A 
few lath-shaped feldspars also occur in the groundmass. 

The section is composed of rounded and irregular rock frag- 
ments with their cementing debris. So far as the character of 
these fragments can now be ascertained they appear to be basaltic 
(melaphyr) with some probably more acidic ones. The pyroxene 
has been entirely altered to chlorite, and the feldspar largely to 
chlorite and colorless micaceous scales, but the triclinic character 
of many of the crystals is still distinct in polarized light. Much 
pyrite in grains is to be seen while the groundmass is changed 
to chlorite and colorless micaceous scales with quartz. 

738. Nofiheast of Ogishkie Muncie lake. 
•A gray fragmental much indumted rock, eontaiuing quartz 
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grains and many small pebbles. It resembles a consolidated sand- 
stone. This belongs more properly with the schists and sandstones, 
bnt is described here on account of its connection with No. 739. 
The section is apparently a transition specimen between one com- 
posed of basaltic material and one composed of granitic and fels- 
itic (quartz porphyry) debris. The major part of the section is 
made up of quartz^ and feldspar fragments, with rounded masses 
of felsite (quartz-porphyry) and some fragments of argillite and 
melaphyr. Pyrite is common. The same alterations have taken 
place in melaphyr and feldspar as before described, while the 
felsit'C groondnuuBS is diversified into a confused granular mix- 
ture of quartz, feldspar, micaceous and chlorite scales. The 
quartz and feldspar fragments are apparently from a granite. 

381. Northeast shore of Vermilion lake. 

A grayish green compact rock traversed by quartz veins. 

The section is composed largely, of debris that appears to be 
altered melaphyr, with a few argillite fragments, quartz, a little 
augite, and much secondary pyrite. The groundmass of the sec- 
tion has sprinkled through it numerous gray and yellowish 
gr^iular musses resembling titanite in the process of formation, 
but none are in sufficiently advanced a stage to be determined 
crystallographically. The melaphyr material is altered as in the 
preceding porodytes. Both sections of this rock show portions 
of a vein made up of irregular quartz grains containing liquid 
inclusions with moving bubbles. Portions of the rock material 
are arranged in wavy parallel bands, along the vein in one sec- 
tion, but these bands have no relation to the quartz grains them- 
selves but pass through them indiscriminately, without regard 
to the boundaries of the grains. 

356. Kawasavhong falh, 

A dark green compact schistose rock. 

The section is composed of greatly altered debris, apparently 
:>f diabase, with fragments resembling a fine gray altered tufa 
rtrachytic). The section is now largely altered to chlorite, 
cuicaceous scales, ciuartz, and magnetite, of which the chlorite 
predominates, with the quartz second in amount. Notwithstand- 
ing the great alteration of the section its fraginental structure 
5'et remains complete. 



, ANDESYTE. 



V AHIET Y - PORPH YR YTE, 



751. MaUmann^s peak. 

A greenish gray porphyritic rock, having a compact greenish 
gray or brown base, holding porphyritic inclasions of horn- 
blende and angite. 

The section has a greenish gray gronndmass, holding yellow- 
ish brown crystals of hornblende, epidot« and greenish psed- 
domorphs of chlorite. The hornblende is of the usual foreign 
character in the andesitic rocks, having been attacked by the 
molten magma, which has torn and eaten into the hornblende, 
that has its edges blackened and rendered magnetic by the 
heating and corroding effects. Some of the hornblendes here have 
been broken and faulted, and blackened on the broken sides, 
others retain only a small portion of hornblende in the interior, 
while others are reduced to a heap of opacite or magnetite 
grains. The chloritic pseudomorphs are composed of plates 
and scales of chlorite with some epidote. but whether they are 
pseudomorphs after hornblende or augite the writer can not de- 
termine. The epidote is in small crystals and crystal aggrega- 
tions of pale yellowish color, with pleochroism varying from 
colorless to pale yellow and to a deeper yellow. The epidote is 
here an alteration product, and is commonly associated with the 
chlorite. The grouudmass is altered and is now composed of 
chlorite scales, partially altered augite microlites and granules, 
magnetite grains (disseminated throughout the entire ground- 
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mass), feldspar, uncrolites, fibrous material, etc.. all replaciug the 
usual felty base of the andesytes with its inclosed minerals. 
Here the augite, feldspar, and magnetite are original, and the 
rest secondary. 

So far as the writer is aware, no other rocks belonging to the 
andesytes have been heretofore recognized in Minnesota, or in- 
dee«l about Lake Superior, except one described by the writer 
in 1880, * as none of the diabase-porphyrites or quartzless- por- 
phyries of Irving appear to belong, to the andesytes, so far as 
can be told from his description unless it be that from Stannard^s 
rock. 

Prof. N. H. Winchell hiis indeed observed the peculiar char- 
acter of this rock, stating in the annual report for 1881: **This 
rock is a peculiar porphyry. The groundmass is amorphous, 
and the disseminated crystals are hornblende. It is unlike any- 
thing before seen.^' (p. 93.) 

The rock itself is an altered and old andesyte of the variety 
known as porphyryte or hornblende-porphyryte amongst litho- 
logists. This andesyte, in its original condition would be called 
by most lithologists a hornblende andesyte. Plate X, Figs. 1 and 
2, show the general characters of this rock with its porphyritic 
structure. The hornblende grains on the left in Fig. 1 have 
been faulted by the action of the magma and partially coroded. 
This is shown by the cleavage lines and in the upper form by a 
twinned band seen in polarized light. In Fig. 2 the corosion of 
the hornblende by the magma is shown, while the line of mag- 
netite grains in the upper hornblende show the original outline. 
The lower hornblende has an interior core of the groundmass. 
This is not owning to the inclusion of the groundmass during 
the crystallization of the hornblende, but is due to the interpen- 
etration of one of the gnawing, dissolving tongues of groundmass 
that had penetrated the hornblende and which has been cut 
off during the grinding of the section, leaving it as an apparent 
inclusion. 



136. Island in Frof/rocl: lake. 

A greenish gray compact rock, having a greenish groundmass, 
holding altered dark green crystals. 

♦Geology of the Copper and Iron Districts of Lake Superior, 188<). 
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The section has a greenish groundmass holding yellowish green 
and greenish psendomorphs after pyroxene and perhaps horn- 
blende. The psendomorphs are composed chiefly of hornblende, 
biotite, and epidote. One twinned crystal, apparently originally 
of rhombic and monclinic pyroxene, has been altered to a yellow- 
ish hornblende with the dichroism varying from pale yellow to 
yellowish green. This shows the cleavage of hornblende while 
the prismatic planes are those of pyroxene. See Plate XI, Fig. 1. 

The psendomorphs show, as a rnle, regular forms, but the chlo- 
rite, hornblende, and epidote also occur in irr^ular masses 
scattered through the groundmass and are formed from the mole- 
cular aggregation of their material from the groundmass and 
not from any direct pseudomorphic process. 

The epidote is abundant and the groundmass of this section is 
composed of tabular altered feldspar (largely plagioclase) in a 
firmer groundmass of felty material, colorless mica and chlorite 
scales, epidote, microlites, and grayish altered magnetite. The 
feldspars are mainly changed to chlorite and colorless mica 
scales, while the mica, in quite large plates, is associated with the 
epidote. 

The original condition of this rock was apparently that of an 
andesyte of the augite-andesyte type, and in its altered condition 
it is now best classified as a porphyryte, or if preferable, a horn- 
blende porphyryte or even a dioryte. 

The analysis given below, made by Profs. Dodge and Sidener, 
of this rock, shows that chemically it is the same as an altered 
basalt, and hence it may be that my reading of the microscopic 
physical characters is incorrect, if one was to be governed by 
the chemical composition alone in deciding. 

SiOa 49.65 

AKO, / 16.36 

Fe203 4.39 

FeO 7.19 

CaO 9.18 

M>?0 8.00 

Na.0 2.49 

K,6 1.17 

H2O 2 39 



« 



100.82 
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Since' the preceding pages, were sent to press (March 16, 
1887) the first part of Professor Bosenbusch's valuable ** Micro- 
skopische Physiographic massigen Oesteine," second edition, 
has been received. On page 269 it is stated in reference to the 
term saxonjrte (see ante, pp. 21, 22): 

*'Wadsworth, desen oben citirtes Werk (Lithological 
studies) eine in hohem Grade vollstandige und werthvoUe 
Uebersicht der meteorischen und terrestrischen Olivingesteine 
giebt, bezichnet diesen Typus als Saxonit; der I^ame ist mit 
Beziehung auf den von Dathe beschriebenen Busedorfer ^ Bron- 
zit-Olivinfels ' gewahlt. Da die ursprungliche Beschreibung 
dieses (^esteins von Dathe selbst (L. J., 1883, II, 89.) ganz wes- 
sentlich modificirt wurde, konnte der Name Saxonit nicht 
adoptirt werden.'' 

In the above statement my good friend. Professor Bosenbusch, 
has fiftllen into an error concerning the conditions under which 
the term saxonyte was proposed. In my '^ Lithological Studies," 
the meteoric and terrestrial peridotites were first distinctly sub- 
divided into mineralogical classes and a single term proposed for 
each subdivision. The divisions were (1) olivine^ (2) olivine and 
enstatite; (3) olivine, enstatite, and diallage; (4) olivine, ensta- 
tite, and angite; (6) olivine and diallage; (6) olivine and augite. 
(1. c. pp. 84, 85, 168, 193, 194.) Having first pointed out these 
divisions the first, third, fifth, and sixth were respectively named 
irom older terms: dunjrte, Iherzolyte, eulysyte, and picryte; 
^hile for the second and fourth divisions there were respec- 
tively proposed the names saxonyte and buchneryte. Knowing 
the usual fiftte of mineralogical terms applied to a single mineral, 
if any error occurs in the description, I knowingly and pur- 
posely founded my divisions upon the mineralogical unions and 
Independent of any single rock or locality. Therefore having 
made out the correctness of the mineralogical division of olivine 



PORODYTE. 



153. S. W. 1 Sec. 14, T. 65, 4 W. 

A fine grained, greenish compact, fragmental rock, indurated, 
with a conchoidal fracture, and closely like some of the compact 
diabases. 

The sections are green and composed of fragments of andesyte, 
andesitic augites, destroyed and blackened hornblendes, and a 
mineral which is pleochroic varying from yellow to yellowish 
brown and yellowish green. Most of its sections extinguish par- 
allel to a nicol diagonal, but not all, and it appears to answer in 
a great measure to the rhombic pyroxene of the andesytes par- 
tially altered to hornblende. The extinction of the clear, pale 
yellow augite is oblique, and this is altered only to a greenish 
chlorite. The feldspara are altered to the usual chloritic and 
micaceous scales. Some epidote and quartz fragments were 
seen. The andesitic base is changed to a fil^rous or granular 
material but is not altered as much as in the preceding de- 
scribed andesytes. This lock apparently was once an andesitic 
tufa or volcanic lUsh, as it closely reseml)les the modern andesitic 
tufas of California. 

Plate XII, Fig. 1, shows in some measure the characters bf 
this ruck, and exhibits.a little to the left of the centre,one of the 
partially destioyed hornblendes so common in andesitic rocks. 

744. Island hi the central narroirs of Ofjhshk'w Muncie lake, 

A fine-grained greenish rock of a compact structure, aiul con- 
choidal fiacture. Contains some pyrites. 
The sections are grayish green and composed of alter<>d ande- 
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and enstatite rocks from my own microscopic studies, and nx>on 
other rocks than those described by Dathe, I chose from a long 
series of suggested terms the one which seemed to be the short- 
est, best, and most euphonious. The division of olivine and 
enstatite rocks was named in honor of the country of Saxony j to 
which country belonged the rock described by Dathe, but it was in 
no sense named from Daihf^s rocky nor is the term in any degree 
•dependent on the correctness of his description, as it was dis- 
tinctly stated that the term was applied to the form of perido- 
tite composed of olivine and enstatite. (1. c. p. 193.) Further under 
the term saxonyte, when first proposed, I gave the descriptions of 
rocks from twenty -three different localities (1. c. pp. 86-94, 125- 
128, 127), four at least of which were from different localities in 
Saxony while five figures of them were also given; and to properly 
destroy my term, it ought to be shown that all of my descrip- 
tions were incorrect and that there are no enstatite olivine 
rocks. 

Since the term saxonyte had been in good use over two years 
before the term harzburgyte was proposed by Bosenbusch, I 
claim, that by all the laws of priority, usage, and right, that 
saxonjrte is entitled to stand. 

I hope to be pardoned for pointing out in this connection that 
the type rock which Bosenbusch has chosen to found his name 
harzburgyte upon is the ^^schillerfels" from Baste, Harz. This 
rock in nearly, all the si>ecimens studied by myself* is not an 
enstatite-olivine rock, but an enstatite-diallage-olivine one and 
therefore a true Iherzolyte as is the case with a number of others 
placed by him under the name harzburgyte, hence by his own 
reasoning this latter term could not be adopted, even if saxonyte 
had not already occupied the field. 

• Uthologioal Studks, 1884, pp. 188, 184, plate Vni, flgurai 1, 2, 6. 
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-ActinoUte 100, 116, 116 

^^ctinolite, alteiation piodnct of diallage 58, 74 

-Actiiiolite, alteration product of pyroxene 71, 72 

-^.ctinolite, secondaiy production of. 11 

-Actinolite achieft, an altered form of basalt 11 

^^.ctinolite schist, an altered form of peridotyte 23, 24 

^^illK>Tt, S., credit due 6 

^Allport, S., use of term doleryte 46 

--^Jteration of rocks not necessarily hydration 20 

--^iteration of rocks proportioned to the silica 38 

^^jnphibole, an alteration product of diallage 54 

^^jnphibole, in spherulites 32 

^^jnphibole, see Hornblende 6 

^^jnpbibolite 17 

^Amygdaloid, origin of. 38 

^Anamesyte 35 

^Anamegyte, use of term 47 

^Andesyte, altered forms of. 8 

^Andesyte bearing quartz 35 

^Andesyte, felty base of. « 125 

^Andesyte, foreign hornblende in 124, 125, 128 

^Andesyte, hornblende and augite andesyte belong to the same species 7 

^Andesyte, in basaltic porodyte 121 

^Andesyte, includes some melaphyr 40 

^Andesyte of the Cordilleras 15 

■'Andesyte, special description of. 124-128 

-Anorthite 52 

Aipatite, altered to viridite 78 

^Apatite, secondaiy origin of. 68, 69, 80, 82, 101-103, 110, 112 

A^patite, genera] characters of. 68, 69 

^Apatite, in diabase 100-115 

-Apatite, in gabbro 50, 76- 89 

-Apatite in quartz 82 

-Aphanyte, an altered state of basalt 6 

-Argillyte 47 

-Augite, alteration of. 42, 101- 116 
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' Angite, altered to diallage « 56, 67, 76, 77, 80 

Augite, altered to biotite 101-109, 115 

Angite, altered to hornblende 11, 43, 101-103, 107, 108, 115-118 

Angite, in basalt 34, 35, 36 

Angite, containing magnetite dnst 103 

Angite, containing magnetite needles 108 

Angite, ciystallized abont olivine 106 

Angite, formed from olivine material.... 35 

Angite, inclnsions in 97 

Angite, inversely proportioned to olivine 63 

Angite, microscopic characters of 26 

Angite, obliteration of cleavage 57 

Angite, of peridotyte 23 

Angite, pleochroism of. 104, 106 

Angite, produced firom the reciystallization of dissolved hornblende 

material 8 

Angite, psendomorphs of quartz and delessite after 32 

Angite, relation to diallage 55-57 

Augite, replaced by viridite, chlorite, biotite, and hornblende. 39 

Angite, replacing olivine 36 

Augite, resembling olivine .*.... 109 

Augite, resulting from olivine 63 

Augite, see pyroxene. 

Augite, with diallage cleavage 97, 101, 105, 106, 107. 113, 117 

Augite andesyte 126 

Augite andesyte. belongs to the same species as hornblende andesyte 7 

Angite andesyte, of Europe 14 

Augite porphyry 17 

Augite porphyiyte 15 

Angite-qnartz-dioiyte 67 

Augite trachyte 17 

Augite-syenite 67, 103 

Augite-syenite, an altered condition of gabbro and diabase 80 

Augite-syenite, of Irving, altered basaltic rock 67 

Augitite 17 

Azoic system, basaltic rocks in 34 

Baltimore gabbro 84 

Baptism nver 79 

Basalt : ; 29-123 

Basalt, absence of olivine in 62, 63 

Basalt, alteration forms of. 47 

Basalt, alteration in European forms 45 

Basalt, alteration of. 38-45 

Basalt, alteration products of. 38 

Basalt, altered states of. 6, 7, 11 

Basalt, altered to schists 40 

Basalt, altered to schists, felsyte and limestone 41 

Basalt, approaching tachylyte 32 

Basalt, augite in 35 
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BaflaltB bearing quartz mistaken for andesytee and trachytes. 36 

Basalt, determination of altered forms of. 40 

Basalt, fine grained 32-36 

Basalt, foliated forms 39 

Basalt, tegmental forms 43-46 

Basalt, general description of. 29-47 

Baealt-glass 31 

Basaltic glass, devitrification of. 32 

Basalt, local variations in 62 

Basalt, microseopic characters of. 36 

basalt, of Atlantic slope 45 

Basalt, of Europe 13 

Basalt, of Ovi&k 101 

Basalt, of Pacific slope 45 

Basalt, ophitic and granitic stmctnre of. 37 

Basalt, order of crystallization in 38 

Basalt, origin of olivine in 34 

Basalt, poroditic form > 44, 45 

Basalt, poroditic, special description of. 121-123 

Basalt, porphyritic 39 

Basalt, qnartz in 34, 36, 36 

Basalt, relation to anamesyte and doleryte 36 

Basalt, retention of original characters in altered forms 40 

Basalt, schistose 39 

Basalt, special characters of 37 

Basalt, tabular cUuBification of. 46 

Basalt, tufa 43 

Basalt, use as a generic term 46, 47 

Basaltic feldspar • 33 

Base, alteration of 9&- 113 

Base, see globulitic base, and felty base. 

Baste 130 

Bastite 59, 92 

Beaver Bay 96, 117 

Beaver Bay, second island east of. 70 

Becker, G. F 9 

Bertrand, E 18 

Biotite, an alteration product 6, 11 

Biotite, analteration product of diallage 58, 71,83, 84 

Biotdte, alteration product of enstatite 59, 92 

Biotite, association with hornblende 66 

^tite, bordering magnetite 64-66, 72, 89, 97 

Biotite, color of 65 

Biotite, early state of 89, 115, 116 

biotite, formation in pyroxene 66 

^iotite, formed firom magnetite and feldsparor pyroxene ^... 64 

-^iotite, from the alteration of minerals 65, 66 

^iotite, general characters of. 65 

biotite, in cumbeslandyte 65 
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t 

Biotite, in diabase '. 101-12] 

Biotite, ingabbro 49-51 

Biotite, needles and plates in feldspar. 66 

Biotite, needles and plates in plagiodase 92 

Biotite, of secondaiy origin in gabbro 65 

Biotite, striationson 58, 66, 83, 84, 86 

Biotite, see diallage, enstatite, pyroxene, and magnetite. 

Biotite granite 67, 120 

Bishof, G., on relation of diallage to angite 55 

Bishopville meteorite 53 

Bishopville metorite, plagioclase of. 88 

Black beach, lake Superior. 76, 77 

Black porphyry, altered condition of andesyte 8 

Bonney, T. G 9, 18 

Boston, amygdaloid and psendo-amygdaloidal rocks of. 38, 39 

Boston, petrography of. 6 

Boston, relation of the diabase and melaphyr of. 41 

BonldoUke decomposition. 49 

Brezina, A 18 

Brule river. ; 77, 100, 101, 102, 103 

Brole moontaln. 81 

Bnchneiyte 21 

Bucking, H » 18 

Bumside lake 87 

Bumtwood lake .*.... 101 

Caldte 38 

Galdte in gabbro 69, 81, 82 

Caldte in porphyryte 127 

Caldte, replacing olivine » 61 

Caldte, secondaiy origin of. 82 

California, tufas of « 128 

Carbonates, secondaiy products in rocks ^ 8 

Cavities, secondaiy origin of...... 82 

Cells in basalt 33 

Chalcedony 38, 99, 100, 110, 111, 112 

Chalcedony replacing the base 100 

Chaloodite, an alteration product..... 6 

Chalcopyrite in gabbro 49, 73 

Chemical analyses 74, 75, 79, 82, 83, 86, 97, 126 

Chemical composition of rocks used in nomenclature » 18-20 

Chemical composition of Minnesota 19 

Cheviot hills, andesyte of. 15 

Chlorite, an alteration product.... 11, 69 

Chlorite, an alteration product of feldspar 53 

Chlorite, formed fiom diallage 58 

Chlorite, in andesyte 124-128 

Chlorite, in diabase 100. 107-123 

Chlorite, pseudomorphous after olivine 110 

Chlorite schist 121 
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Chlorite schist, an altered form of basalt 6, 40, 41 

Chlorite schist, an alteration form of gabbro 58, 59 

Chlorite schist, secondary magnetite in 65 

Chlorite Tein Ill 

Chromite 63 

Chromite, altlrationto magnetite 28 

Chromite, an alteration product. 24 

Chromite, microscopic characters of 28 

Chromite, relation to picotite 28 

Chromite, wanting in serpentine 27 

Chrysotile in peridotyte 23, 24 

dassification of peridotyte 21, 22 

Classification, table of basalts 46 

Cleavage of diallage and angite 55-57 

Cleavage of olivine 61 

Cleavage, relation of hornblende and pyroxene 80 

Cleavage, relation to plane of extinction ^ 70 

Cohen, E 5, 18 

Cole, G. A. J 9, 18 

Cole, G. A. J., on tachylyte 30 

Concretlonaiy stmctnre of diallage 58 

Copper, disappearance of. 112 

Copper, in diabase Ill, 112 

Copper district of lake Superior 11 

Ciedner, H 18 

Cross lake... 75, 88 

Crystallization of minerals 30 

Crystallization, relation to size of dike 6, 7 

Comberlandyte 90 

Comberiandyte, association of biotite and magnetite in 65 

Dana, J. D., nse of the term doleryte .*. 46 

Dathe, E 131, 132 

Daabri^ A. G 18 

Daviee, T 18 

Des Cloizeaox, A , „ 18 

Delessite 38, 109, 113 

^lessite, in zirkelyte..'. 32 

X>iaba8e, altered ande^yte 13 

•t>iaba0e, altered condition of basalt 6, 7, 11, 19 

XXiabase altered to angite syenyte 80 

altered to chlorite schist 121 

altered to qnartz dioiyte 109 

altered to qnartz porphyry 102 

», containing copper Ill, 112 

), distinction fiom gabbro 55 

se, eozoon structure in 102, 103, 106, 109, 120 

s, mistaken for chlorite schist 42 

of Europe..^. 13 

oUvine in 97-114, 116, 119 

18 
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Diabase, relation to gabbro 48 

Diabase, special descriptions of. 97- 123 

Diabase, nse of the term ^ 41, 47 

Diabase porphyryte 15, 47 

Diabase pitchstone 16 

Diallage, alteration of. .^ 71-97 

Diallage, alteration product of angite 76, 80 

Diallage, alteration products of. 58 

Diallage altered to actinolite •« 74 

Diallage altered to amphibole •« 54 

Diallage, altered to chlorite.- 58, 71, 72, 78, 96 

Diallage, altered to biotite ..58, 71, 78, 83, 84, 97 

Diallage, bordered by biotite 72 

Diallage, color of. ....51, 54 

Diallage, concretion of. » 58 

Diallage, containing magnetite dost 93, 95 

Diallage, containing tabular and ix>d-like inclnldons. 94 

Diallage, development of magnetite in 89 

Diallage, dichroism of. 95 

Diallage, filled with magnetite 58 

Diallage, general characters of 54-69 

Diallage, grating stmctore of 71 

Diallage, holding enstatite 91 

Diallage, inclosed in hornblende.. 58 

Diallage, inclosing enstatite 59 

Diallage, inclnsious in 54, 55 

Diallage, in meteorites 57 

Diallage, micaceous schillerization of. 77 

Diallage, micaceous lamination o£. 55 

Diallage, microscopic characters of. 26 

Diallage, mistaken for mica 55 

Diallage, of peridotyte .* i.... 23 

Diallage, of secondary origin, showing alteration 58 

Diallage passing into brown hornblende » 57 

Diallege passing into viridite 57 

Diallage, relation to augite 55-57 

Diallage, striations on .'. i 58 

Diallage, schiUerization of. 56, 57, 68, 76, 77, 79 

Diallage, transition stages of alteration of 84 

Diallage with augite cleavage 26 

Diallage with original and secondary cleavage 57 

Diallage, see pyroxene. 

Dichroism of diallage 95 

Dichroism of tourmaline 122 

Dike, variation in structure and mineralogical composition in the same 

dike 7 

Diopside 56 

Dioryte 78, %3, 92, 119, 126, 127 

Dioryte, altered form of basalt 6, 7, 11,19, 40 
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Koryte, altered form of gabbro 52 

ZDioryte, altered state of andesyte ; 8,41, 43 

UHoryte, belonging to diabase 41 

IDioryte, associated with melaphyr 41 

ZDioiyte, of Europe 13 

IDioiyte, porphyritic forms belonging to diabase 42, 43 

IDioiyte, see quartz dioryte. 

^Dodge, J. A., analysis of feldspar 74 

Tn)odge, J. A., analysis of rocks 75 

ZIDodge, J. A. and C. F. Sidener, chemical analysis of rocks 79, 82, 83, 86 

97, 126 

^Doelter, C 18 

ZDoleryte 35 

ZDoleryte, use of the term 46, 47 

-IDolomite, alteration product in peridotyte 23, 24, 27 

TDolomitic limestones an altered condition of peridotyte 24 

^Double bay 81, 99 

Duck lake 96, 103, 120 

Duluth 73-75, 88, 108, 110, 114 

Duluth, gabbro of. 49 

IDuluth iron mine 73 

Dunyte 21 

Dunyte, alteration to serpentine '. 25 

])un3rte, macroscopic characters of. 22, 23 

Duican lake 114, 117 

Djkelake 122 

East and West lake 75 

East Duluth 106, 107, 118 

Eastern Massachusetts 112 

Eastern Massachusetts, gabbro of. 48 

Eastern Massachusetts, rocks of. 7 

Elieolite, feldspar resembling 49 

Ely island 113 

Encampment island 110, 112, 113 

English rapids 106 

Enstatite, alteration of 26, 59, 60 

Enstatite, altered to bastite and biotite 59, 92 

Enstatite approaching proto-bronzite 59 

Enstatite, builtupon oliTine grains 59 

Enstatite, general characters of. 59, 60 

Enstatite, inclosed in diallage 59, 91 

Enstatite in gabbro 90, 91, 92 

Enstatite, magnetite dust and needles in 59, 91 

Enstatite, microscopic characteis of. 26 

Enstatite, of peridotyte 23 

Enstatite, resembling augite 59, 70 

Enstatite, secondary cleayage ofl 59 

Enstatite, surroimding oliTine 70 

Enstatite, uniformity of cleayage and extinction of. 70 
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Enstatdte, see pyroxene. 

Enstatite-porphyryte 15 

Eozoon or graphic stmctare in lake Superior rocks first described 67 

Eozoon structure in diabase 102, 103, 106, 109, 120 

Eozoon structure in gabbro 62, 67, 68, 76, 78-82, 88, 89, 92 

Epidote 38, 58, 84, 85, 111, 114, 119, 120, 124-128 

Epidote, alteration product of augite 42 

Epidote, &om feldspar alteration 49 

Epidote, pleochroism of. 124 

Epidote, secondary origin oL. 8, 11, 69 

Epidote, segregation of. i 73 

Eruptive rocks, metamorphosis of. 7, 8 

Eruptive rocks, products of alteration in 8 

Eruptive rocks, relation of ancient and modem forms. 8 

Eruptive rocks simulating characters of sedimentaiy ones 7 

Euciyte 63 

Eulysyte, priority of the term 21 

Eulysyte, want of hydration in 20 

Euphotite, an altered form of basalt 43 

Euphotide, altered state of basalt 7, 43> 

European rocks, classification of. , )11-18- 

Eujopean rocks, relation to American forms 9 

Fall rivermine Ill, 112 

Feldspar, alteration of 42, 52, 67, 71-129 

Feldspar, alteration of in basalt 40 

Feldspar, altered tosaussurite 4^ 

Feldspars, arrangement of..... 3S 

Feldspar, a secondary product in rocks S 

Feldspar, bands surrounding epidote 73^ 

Feldspar, basaltic form of. 3S 

Feldspar, containing copper Ill, 112 

Feldspar, containing globulitic base 105, 11(^ 

Feldspar, general characters of. « 52-54 

Feldspar, inclosing magnetite 89, 90 

Feldspar, loss of its twinning characters 4S^ 

Feldspar, needles and plates of biotite in 6S 

Feldspar, obliteration of basaltic structure of. , * 4^ 

Feldspar, reddish color of. 5$ 

Feldspar, replaced by chlorite and calcite 3^ 

Feldspar, replaced by quartz US 

Feldspar, replaced by striated quartz 6B 

Feldspar, replaced by viridite, kaolin, quartz, etc 39 

Feldspar, resembling elseolite 72P 

Feldspar, retention of structure 455 

Feldspar, secondary apatite in 69- 

Feldspar, free, an incorrect term GS^ 

Feldspar-porphyryte 1^ 

Felsyte 

Felsyte, altered condition of rhyolyte 8, 
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e, altered state of andeoyte 6 

e formed from basalt 41 

e pitchstone 17 

e porphyry 18 

e porphyry, altered condition of andesyte 8 

base of andesyte 36, 37, 125 

base of basalt 36, 37 

i, remnant of destroyed olivine 61, 63 

evidence, importance of. ^ 4 

er, L 18 

cavities, secondary origin of. 67, 68, 82 

cavities, arranged along fissure lines 68 

cavities in veinstone quartz 68, 96, 123 

cavities in quartz 82 

enstein 47, 51, 52, 61, 95 

enstein, pleochroic olivine of. 61 

J, in porodyte 44 

m, H. von 18 

i^, F 5 

i6, F. on the spinellids 27 

L^, F., and L^ve, on the corrosion of minerals 34 

lental basalts 43-45 

b, von K , 18 

KJkLake 119-122, 125-127 

)ck River 71 

t) 47-97 

o, absence of olivine in « 62 

o, all hornblende secondary in 66 

o, alteration of.... 7 

o, altered condition of basalt 61, 59 

o, altered to augite syenyte 80 

o, altered to a schist 51, 52, 58, 59 

o, association pf biotite and magnetite in ^ ..64-66 

o, bearing enstatite 59, 60 

X}, belonging to the coarsely crystalline basalts 43 

t>, continuous with diabase ! 43 

o, change in chemical constitution 79, 82 

o, change in mineral character of. 51 

o, chemical analyses of. 75, 79, 82, 83, 84, 97 

o, distinction f¥om diabase 55 

o, enstatite in 90, 91, 92 

o, eozoon or graphic structure in 52, 67, 68, 76, 78-82, 88, 89 92 

o, foliated pyroxene in 48 

o, forming granite 50,52,59,67,75,81, 82, 85, 86, 96 97 

o, general characters of. 47-^2 

o, calcite in 81, 82 

o, Judd's use of term 47 

t>, macroscopic characters of. 48-^1 

x>, microscopic characters of. 51-69 
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Enstatite, see pyroxene. 

Enstatite-porphyiyte 15 

Eozoon or graphic stractnre in lake Superior rocks first described 67 

Eozoon structure in diabase 102, ia3, 106, 109, 120 

Eozoon structure in gabbro 52, 67, 68. 76, 78-82, 88, 89, 92 

Epidote 38, 58, 84, 85, 111, 114, 119, 120, 124-128 

Epidote, alteration product of augite 42 

Epidote, &om feldspar alteration 49 

Epidote, pleochroism of. ; 124 

Epidote, secondary origin oL. 8, 11, 69 

Epidote, segregation of. 73 

Eruptive rocks, metamorphosis of. 7, 8 

Eruptive rocks, products of alteration in 8 

Eruptive rocks, relation of ancient and modem forms 8 

Eruptive rocks simulating characters of sedimentary ones 7 

Euciyte 62 

Eulysyte, priority of the term 21 

Eulysyte, want of hydration in 20 

Euphotite, an altered form of basalt 43 

Euphotide, altered state of basalt 7, 43 

European rocks, claasification of. ;11~18 

European rocks, relation to American forms 9 

Fall river mine Ill, 112 

Feldspar, alteration of. 42, 52. 67, 71-129 

Feldspar, alteration of in basalt 40 

Feldspar, altered tosaussurite 43 

Feldspars, arrangement of..... 36 

Feldspar, a secondary product in rocks 8 

Feldspar, bands surrounding epidote 73 

Feldspar, basaltic form of. 33 

Feldspar, containing copper Ill, 112 

Feldspar, containing globulitic base 105, 110 

Feldspar, general characters of « 52-54 

Feldspar, inclosing magnetite 89, 90 

Feldspar, loss of its twirming characters 42 

Feldspar, needles and plates of biotitein 66 

Feldspar, obliteration of basaltic structure of. , 40 

Feldspar, reddish color of. 53 

Feldspar, replaced by chlorite and calcite 32 

Feldspar, replaced by quartz 115 

Feldspar, replaced by striated quartz 68 

Feldspar, replaced by viridite, kaolin, quartz, etc 39 

Feldspar, resembling elffiolite 73 

Feldspar, retention of structure 42 

Feldspar, secondary apatite in 68 

Feldspar, free, an incorrect term 62 

Feldspar-porphyryte .. 15 

Felsyte 123 

Felsyte, altered condition of rhyolyte 8, 19 
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Oroth, P 18 

Oiotuidmafis, alteration of. 39, 67, 102, 124, 126, 129 

Oiimbel, K. von 18 

C^anflint lake. 75, 115 

-Iijag^e, A 9 

XSarz 132 

^ElarzbnrgTte, objections to 132 

Klanshofer, H 18 

^^H^a^v-es, G. W., on the association of biotite and magnetite 64, 65 

SJa^wes, G. W., relation of diallage and angite 55 

i, G. W., relation of gabbro to diabase 55 

J, an alteration product. 6 

[irschTrald, J 18 

r^Hisingerite 99, 101 

:aB[omblende, action of magma on 66, 124, 125, 128 

^SBLomblende, alteration product of angite 41 

J^Somblende, alteration product of diallage 58, 83, 84 

^JBomblende, alteration product of pyroxene 66, 67 

ZKlomblende, an original mineral in the andesitic diorytes 41 

3EIomblende, as a foreign, indigenous, and alteration product 6, 8 

lEIomblende, brown form a more advanced stage than the green 58, 66, 85 

[omblende, brown form, fiom augite 43 

[omblende, common orientation of detached parts 80 

lECombleJide, general characters of 66, 67 

^^Homblende holding groundmass 125 

!^3cymlllende reduced to opacite or magnetite 124, 125, 128 

Xlomblende, secondary apatite in , 68 

^^omblende, with prismatic pyroxene planes and hornblende cleavage 126 

SLomblende, see augite and diallage. 

^^Somblende andesyte belonging to the same species as augite andesyte 7 

JBomblende andesyte, of Europe 14 

Xiomblende dacyte 14 

IBomblende porphyiyte 125, 126 

IKIomblende porphyiyte, of Europe 14 

^Bomblende.porphyryte, sometimes altered basalt 14 

XEomblende porphyry, altered condition of andesyte 8 

IBomblende granite 67 

^Hornblende trachyte. 17 

^Bomblende schist 87, 92 

Somblende schist, altered form of basalt 11, 40, 41 

fioraeshoe bay.^.^..^.. >....... 97 

'HoBsak, E..' , 18 

fiyalomelane 31 

Bydrortachylyte. 31 

Sydrons minerals, secondary products in rocks 8 

Sypexsthene « 120 

Mypeisthenyte 48 

Udinga, J. P 9 

Inclusions, in diallage 55 
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* 

Iron, native 101 

Iron ore, occnxience of emptive masses ....63, 64 

Iron ore, gabbro mined for 73 

Iron district of lake Superior 11 

Iron ore in peridotyte 23, 24 

Irving, R. D 9, 69 

Irving, R. D., angite syenite of .....80, 103 

Irving, R. D., copper-bearing rocks 122 

Irving, R. D., on ophitic structure 107 

Irving, R. D., on the alteration of feldspar 53 

Irving, R. D., on the association of biotite ancfmagnetite 65 

Irving, R. D., on the eozoon or graphic structure 67, 76 

Irving, R. D., on the eruptive origin of gabbro iron ore deposits 64 

Irving, R. D., on the formation of viridite 53 

Irving, R. D., orthoclase gabbros of 54 

Irving, R. D., porphyrytes of. 125 

Irving, R. D., relation of angite to diallage 55 

Irving, R. D., use of terms diabase and gabbro 55, 56 

Island No. 2 „ 117 

Jannetaz, £ 18 

Jasper 121 

John, C. von 18 

Jointing, simulating stratification and lamination 41 

Judd, J.W 9, 18 

Judd, J. W., on gabbro 47, 62 

Judd, J. W., ongranulitic structure HI 

Judd, J. W., on ophitic structure 107 

Judd, J. W., on schillerization 58 

Judd, J. W., on tachylyte 30 

Judd, J. W., proto-bastite of. » 59 

Judd, J. W., proto-bronzite o£ 92 

Judd, J. W., relation of diallage and angite 56, 57 

Julien, A. A 59 

Julien, A. A., on the formation of viridite 54 

Julien, A. A., relation of diallage and angite 56 

Kaolin 77 

Kavrasachong fiiUs 123 

Kayser, E 18 

Keratophyr 12 

Kersantyte .....13, 47 

Keweenavr^int 80 

Labradorite 52, 73, 74 

Knife fells 105, 106, 108, lia 

Labrador porphyry 18 

Lake Abita 76,78 

Lake Superior, amygdaloidal rocks of 3S 

Lake Superior, eozoon structure in rocks of. 61 

Lake Superior, peridotyte of. «« 28, 
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Superior, petrography of. 11 

XAminated stnictare in'basalt 33 

XAsaalz, A. von 18 

ULiehmann, J 4, 9, 16 

l>eacite rocks. 18 

X^acoxene 42, 83, 88, 100, 113, 115-117 

XLicacoxene, alteration' product of pyrite mistaken for 42 

Xl^acoxene, anglesof. 116, 117 

JXL<eacoxene, gratings in 64 

vy, A. MicheL 5 

vy, M. Michel, on ophitic structure 107 

vy, A. Michel, on the spinellids 27 

vy-Pumpelly method of determining feldspars 73, 74 

berzolyte 21 

ittle lake 59, 91, 92, 114 

ittle Saganaga 72 

imburgite 17 

limestone formed from basalt 6, 41 

imonite. 76 

imonite, replacing olivine 61 

lake 91, 92, 96, 120 

Wm. E., on fossils 4 

nlake 75, 118 

K. A 4, 9, 18 

wer falls, of the St. Louis river 108 

acille island 118 

:t.iistre mottUngs; 107, 111, 113, 114 

^^Macroscopic characters of peridotite 22-25 

^^f acroecopic characteis of gabbro 48-51 

^ila^ctite, absorbed by viridite and hornblende 83 

^iagnetite, aggregation of 64 

^blagnetite, alteration product in tachylyte 30 

<^fagnetite, alteration product of diallage 58 

^lagnetite, alteration product of peridotite 28 

^lagnetite, altered to titanite and pyrite 69 

^lagnetite, a nucleus for pyroxene 

:Blagnetite, bordered by biotite 64-66, 89, 90, 97, 106 

^fagnetlte, bordering minerals 64 

^fagnetite, derived from olivine 34, 35 

^fagnetite, developed in diallage 89 

^Mlagnetite, general characters of. 63-65 

^^fagnetite, grating structure of. 103 

^^agnetite, in chlorite schist 65 

^Aagnetite in cumberlandyte 65 

^iagnetite in diallage 55 

Magnetite, mined ingabbro 49, 63, 64 

Magnetite, produced during the alteration of many minerals 64 

Magnetite, re-abeorption of. 61, 64 

Magnetite, resalting from destruction of hornblende 65 

19 
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Magnetite, secondary product in oliyine 61 

Magnetite, secondary in pyroxene 65 

Magnetite surronnded and penetrated by pyrite 65 

Magnetite, time of crystallization 98 

Magnetite, titanium in 63, 64 

Magnetite, use of the tenn 49, 64 

Mallard, E 18 

Mailman's peak 124, 126 

Magma, action on hornblende 124, 128 

Magma, action on olivine 63 

Manheim's silver mine 114 

** Maschenstructur " 96 

Massachusetts, serpentine of. 29 

Massachusetts, see Eastern Massachusetts. 

Mayhewlake * 69, 70, 72, 87, 89, 93, 94, 96, 109, 118 

Melaphyr 121-123 

Melaphyr, analtered andesyte 13 

Melaphyr, an altered state of basalt 6, 7, 11, 19 

Melaphyr and dioryte, part of the same rock 41 

Melaphyr, including honiblendic, micaceous, and chloritic rocks 40 

Melaphyr, of Europe 13 

Melaphyr, use df the term 40 

Menaccanite, crystals of. 120 

Menaccanite, included in the term magnetite 49, 64 

Menaccanite, in diallage 55 

Menaccanite, in dioryte 42 

Menaccanite, secondary hexagonal crystals of 64 

Menaccanite, magnesia in 35 

Menaccanite, form of 36 

Mesabi range 90 

Mesabi range, ensfatite of 59 

Metamorphic rocks, from alteration of sedimentary and eruptive rocks 8 

Metiimorphic rocks, altered states of eruptive rocks 8, 94 

Metamorphism, importance of. 9 

Meteoric rocks 21 

Meteorite 91 

Meteorites, diallage of 57 

^leteorite, olivine not always prCvSent in gabbro form 63- 

Meteorite, plagioclase of. 88 

Meunier, S IB 

Mica porphyryte 15 

Mica-schist, an altered form of basalt 11, 40, 41 

Mica trachyte 17 

Microlites in secondary feldspar 77 

MicroUtes in secondary' quartz 67 

Microlites, secondary origin of. 82, 84 

Microlites, secondary amphibole forms t 96 

Microscope, evidence of is subordinate to that of the field 4 

Microscoinc characters of basalt 36 
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Lake Superior, petrography of. 11 

Laminated stmcture in'basalt 33 

Lasanlx, A. von 18 

Lehmann, J 4, 9, 18 

Leucite rocks 18 

Leucoxene 42, 83, 88, 100, 113, 115-117 

Lencoxene, alteration' product of pyrite mistaken for 42 

Leucoxene, anglesof. 116, 117 

Leucoxene, gratings in 64 

L^vy, A. Michel 5 

L^vy, M. Michel, on ophitic structure 107 

L^vy, A. Michel, on the spinellids 27 

L6vy-Pumpelly method of determining feldspars 73, 74 

Lherzolyte '. 21 

Little lake 69, 91, 92, 114 

Little Saganaga 72 

Limhui^te 17 

Limestone formed from basalt 6, 41 

Limonite 76 

Limonite, replacing olivine 61 

L. lake 91, 92, 96, 120 

Logan, Wm. E., on fossils .' 4 

Loon lake 75, 118 

Lossen, K. A 4, 9, 18 

Lower Mis, of the St. Louis river 108 

Lucille island 118 

Lustre mottlings; 107, 111, 113, 114 

Macroscopic characters of peridotite 22-25 

Macroscopic characters of gabbro 48-51 

Magnetite, absorbed by viridite and hornblende 83 

Magnetite, aggregation of 64 

Magnetite, alteration product in tachylyte 30 

Magnetite, alteration product of diallage 58 

Magnetite, alteration product of peridotite 28 

Magnetite, altered to titanite and pyrite 69 

Magnetite, a nucleus for pyroxene 

Magnetite, bordered by biotite 64-66, 89, 90, 97, 106 

Magnetite, bordering minerals 64 

Magnetite, derived from olivine 34, 35 

Magnetite, developed in diallage 89 

Magnetite, general characters of. 63-65 

Magnetite, grating structure of. 103 

Magnetite, in chlorite schist 65 

Magnetite in cumberlandyte 65 

Magnetite in diallage 55 

Magnetite, mined in gabbro 49, 63, 64 

Magnetite, produced during the alteration of many minerals 64 

Magnetite, re-absorption of. 61, 64 

Magnetite, resulting from destruction of hornblende 65 

19 
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Microeoopic characters of dnnyte 25 

Microscopic characters of gabbro 51-69 

Microscopic characters of peridotyte 25-29 

Miller's creek 94 

Mineral composition, of rocks changeable 4 

Mineralogical classification of rocks criticised 4, 5 

Mineralogical classification of rocks impracticable 7 

Mineralogical nomenclature, of rocks 18 

Mineralogical school of petrographers 4-6 

Minnesota, gabbros of. 48 

Minnesota rocks, mode of study of. 21 

Minette 17 

Mohl, H 18 

Motley 116 

Mt. Josephine ." 105 

Mud lake 117 

Mull, augite of 56 

Muscovite 38, 129 

Muscovite, secondary origin of. 69 

Needles, in enstatite.... 59 

Needles, in olivine 61- 

Needles, in plagioclase 52, 72, 92 

Nephelinporphyr ♦. 16 

Nephelite rocks 18 

Newfoundland, old glassy lavas of. 31 

New Hampshire, biotite and magnetite in 64 

New Jersey, serpentine of 29 

New York, northern, gabbro of 48 

Nomenclature, of altereil rocks 4 

Nomenclature of rocks 10, 18-20 

Nomenclature of rocks, based on chemical composition 18-20 

North lake 53, 83 

Noiyte 47, 48, 92, 120 

Noryte, objection to the use of the term 59 

Number. Page. 

1 A 73, 74 

IC 73 

ID 73 

IE , 73, 74 

6 110 

47 110 

49 108 

53 106 

53 B 107 

55 , 118 

90 99 

90B 99 

106 113 

107 112 
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709 ; 118 

713 71 

714 r 93 

715 91 

716 117 

717 114 

719 115 

721 75 

722 115 

733 119 

735 120 

737 : 121 

738 122 

739 122 

744 128 

749 117 

750 122 

751 ', 124 

752 10(^ 

755 11». 

756 8^i 

758 11^ 

761 12L 

769 

772 7. 

773 7 

774 10 

776 

779 9». 

778 120 

780 8S 

781 p-r 

786 9X 

787 50 

787 »0 

788 lOX 

789 err 

692 91 

797 114 

801 SB 

814 9B 

816 83 

818 : 9B 

819 9& 

826 11^ 

843 116 

854 11 

Ogishkie Muncie lake 77, 78, 83, 116, 118, 121-123, l^*?? 

Olivine, absence in coarsely cr^^stalline rocks 




INBEX. 151 

OliTine, absence intachylyte 30 

Olivine, action of the magma on 33, 34, 63 

Olivine, alteration in forellensteini 61 

Olivine, alteration of. 36, 60-63, 90-116 

Olivine, alteration of in basalt 40 

Olivine, alteration of in peridotyte 23 

Olivine, alteration to serpentine 25-27, 60-62, 77 

Olivine, as an alteration product 102 

Olivine, composed of several individuals. 89 

Olivine, derivation of, in basalt 34 

Olivine, forming nncleos for angite 106 

Olivine, forming nucleus forenstatite ^ 69 

Olivine, foni^ng opacite and magnetite 35 

Olivine, foreign in basalt 62, 63 

Olivine, foreign in diabase 98 

Olivine, general characters of 60-63 

Olivine, inclosed in enstatite 90 

Olivine, ingabbro 51 

Olivine, inversely jwrportioned to augite 63 

Olivine in zirkelyte 31 

Olivine, magnetite in 61 

Olivine, magnetism of. 34, 63 

Olivine, not a crystallization from the magma 34 

Olivine, of St. PauPs rocks 102 

Olivine, peculiar alteration of. , 61, 92, 93 

Olivine, plates and needles in 61 

Olivine, pleochroism of 52, 61, 95 

Olivine, pseudomorphs 31, 32 

Olivine, replaced by augite 36 

Olivine, schillcrization of. 61 

Olivine, sometimes wanting in basalt 32 

Olivine, stages in the alteration of. ." 25, 26 

Olivine, two cleavages in 61, 92 

Olivine, wanting in granitoid gabhros 61 

Olivine diabase 47 

Olivine free, an erroneous term 62 

Olivine free gabbro , 62, 63 

Olivine gabbro 47, 62, 63 

Olivine noryte .' 62, 90, 92 

Opacite, an alteration product of the base 101 

Opacite, remnant of destroyed olivine 34, 35, 63 

Opacite, replacing olivine 61 

Opal 38 

Ophicalcyte, formed from peridotyte 24 

Ophitic structure 37, 103, 107,108, 110, 111, 112, 116 

Ophyte 12 

Orthoclase, an alteration product of plagioclase 51, 71, 78, 86, 100 

Orthoclase, in gabbro 54 

Orthoclase, secondary production of. 11 
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Orthoclase gabbro, prodaced by the alteration of normal gabbro 54 

Orthoclase gabbro, specific gravity of. 54 

Osann, A 18 

Ovifak, basalt of. 99, 101 

Palaeontologist, relation to the stratigiaphical geologist 5, 6 

Palseopicryte 12 

Palagonite 38, 99, 101 

Pallasyte 19 

Partridge xx>rtage 108 

Peridotyte 21-29 

Peridotyte, alteration products of. 27 

Peridotyte, altered into schists 23, 24 

Peiidotite, chemical composition of. ^ 19 

Peridotyte, classification of. 21 

Peridotyte, change of color through alteration 23 

Peridotyte, chemical alteration of ~ 25 

Peridotye, fragmental forms of. 24 

Peridotyte, in Minnesota 28, 29 

Peridotyte, lossof original characters 27 

Peridotyte, macroscopic characters of ...; 22-25 

Peridotyte, microscopic characters of. 25-29 

Peridotyte, more acidic by alteration 86, 87 

Peridotyte, nomenclatare of. 60 

Peridotyte, psendo-fragmental forms of. 24 

Peridotyte, psendo-lamination in; 23 

Peridotyte, transluceucy of 24 

Pericline and albite law 53 

Petrographers, knowledge of recent rocks necessary to 45 

Petrographers, two schools of. 4-6 

Petrography, study of minerals insufficient in 6 

Pewabic island 89 

Phonolyte 47 

Phonolyte, original state of 16 

Picotite, alteration to magnetite 28 

Picotite, microscopic characters of. 28 

Picotite, wanting in serpentine 27 

Picryte 22, 96 

Pipestone rapids 29, 53, 87 

Pigeon point 96, 105, 108, 120- 

Pigeon point peninsula 81 

Phigioclase, altered to musco\ite 129 

Plagioclase, alteration products of 51, 53- 

Plagioclase, biotite needles and plaster in 9*^— 

Plagioclase, kaolinization of. 52, 53^ 

Plagioclase, needles and globulites in 

Plagioclase, obliteration of the twinning of. 

Plagioclase, replaced by orthoclase 

Plagioclase, secondary origin of. 7< 

Plagioclase, twinning bands dependent upon pressure 
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OliTine, absence in tadiylyte 30 

Olivine, action of the magma on 33, 34, 63 

Olivine, alteration in forellensteinj 61 

Olivine, alteration of 36, 60-63, 90-116 

Olivine, alteration of in basalt 40 

Olivine, alteration of in peridotyte 23 

Olivine, alteration to serpentine 25-27, 60-62, 77 

Olivine, as an alteration product 102 

Olivine, composed of several individuals 89 

Olivine, derivation of, in basalt 34 

Olivine, forming nncleas for augite 106 

Olivine, forming nucleus forenstatite ^ 69 

Olivine, foritting opacite and magnetite 35 

Olivine, foreign in basalt 62, 63 

Olivine, foreign in diabase 98 

Olivine, general characters of. 60-63 

Olivine, inclosed in enstatite 90 

Olivine, ingabbro 51 

Olivine, inversely porportioned to augite 63 

Olivine in zirkelyte 31 

Olivine, magnetite in 61 

Olivine, magnetism of. 34, 63 

Olivine, not a crystallization from the magma 34 

Olivine, of St. PauPs rocks 102 

Olivine, peculiar alteration of. , 61, 92, 93 

Olivine, plates and needles in 61 

Olivine, pleochroism of 52, 61, 95 

Olivine, pseudomorphs 31, 32 

Olivine, replaced by augite 36 

Olivine, schillerization of. 61 

Olivine, sometimes wanting in basalt 32 

Olivine, stages in the alteration of. ' 25, 26 

Olivine, two cleavages in 61, 92 

Olivine, wanting in granitoid gabbros 61 

Olivine diabase 47 

Olivine free, an erroneous term 62 

Olivine free gabbro , 62, 63 

OKvinegabbro 47, 62, 63 

Olivine noryte .* 62, 90, 92 

Opacite, an alteration product of the base 101 

Opacite, remnant of destroyed olivine 34, 35, 63 

Opacite, replacing olivine 61 

Opal 38 

Ophicalcyte, formed from peridotyte 24 

Ophitic structure 37, 103, 107,108, 110, 111, 112, 116 

Ophyte 12 

Orthoclase, an alteration product of pi agioclase 51, 71, 78, 86, 100 

Orthoclase, in gabbro 54 

Orthoclase, secondary production of. 11 
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Orthoclase gabbro, prodaced by the alteration of normal gabbro 54 

Orthoclase gabbro, specific gravity of. 54 

Osann, A 18 

Ovilak, basalt of. 99, 101 

Paleontologist, relation to the stratigiaphical geologist 5, 6 

Palseopicryte 12 

Palagonite 38, 99, 101 

Pallasyte 19 

Partridge portage 108 

Peridotyte 21-29 

Peridotyte, alteration products of. 27 

Peridotyte, altered into schists 23, 24 

Peridotite, chemical composition of. ^ 19 

Peridotyte, classification of. ...:. 21 

Peridotyte, change of color through alteration 23 

Peridotyte, chemical alteration of 25 

Peridotye, fragmental forms of. 24 

Peridotyte, in Minnesota 28, 29 

Peridotyte, lossof original characters 27 

Peridotyte, macroscopic characters of ; 22-25 

Peridotyte, microscopic characters of 25-29 

Peridotyte, more acidic by alteration 86, 87 

Peridotyte, nomenclature of. 60 

Peridotyte, pseudo-fragmental forms of 24 

Peridotyte, pseudo-lamination in 23 

Peridotyte, translucency of 24 

Periclineand albite law 53 

Petrographers, knowledge of recent rocks necessary to 45 

Petrographers, two schools of. 4-6 

Petrography, study of minerals insufficient in 6 

Pewabic island 89 

Phonolyte : 47 

Phonolyte, originalstate of 16 

Picotite, alteration to magnetite 28 

Picotite, microscopic characters of. 28 

Picotite, wanting in serpentine 27 

Picryte 22, 96 

PiX)estone rapids 29, 53, 87 

Pigeon point 96, 105, 108, 120 

Pigeon point peninsula 81 

Plagioclase, altered to muscovite 129 

Plagioclase, alteration products of 51, 53 

Plagioclase, biotite needles and plaster in 92 

Plagioclase, kaolinization of. 52, 53 

Plagioclase, needles and globulites in 72 

Plagioclase, obliteration of the twinningof. 53 

Plagioclase, replaced by orthoclase 54 

Plagioclase, secondary origin of. 76 

Plagioclase^ twinning bands dependent upon pressure 98 



INDEX. 166 

^nartzless porphyiy 125 

Quartz ijorphyry 17, 123 

Quartz porphyry, altered condition of rhyolyte 8, 19 

fttartz porphyry, gronndmass of. 102 

►nartz porphyry, secondaiy oiigin of quartz in 68 

fuartz veins 123 

;enard, A 5, 18 

*enard, A, determination of augite and diallage 56 

:eyer, E 4, 9 

'bode Island, cumberlandyte of 65 

',byolyte, altered states of. 8 

hyolyte, quartz of. ; 68 

:ice point granite 49, 73 

)ocka, by alteration rendered more acidic 86 

ocks, correlation of their characters 20 

;oc*ks described by N. H. Winchell 3 

;ocks, different kinds in the same dike 7 

ocks, division into older and younger rejected 7 

ocks, relation of ancient and modem forms 45 

-ock, specimens of the same known by different names 5, 7 

ock names, mode of writing 10 

osenbusch, H 5, 6, 18 

osenbusch, H., glassy diabase of. 30 

osenbusch, H., noryte of. 92 

osenbusi'h, H., olivine noryte of. 90, 92 

losenbnsch, H., on the term saxonyte 131 

losenbusch, H., proposed term harzburgyte 132 

:osenbusch, H., relation of diallage to augite 55, 56 

osenbusch, H., relation of gabbro to diabase 55 

osenbusch, H., use of the term i)eridoty te 121 

losenbusch, H., use of the term wherlyte 22 

:oth, J., relation of diallage to augite 55 

othpletz, A 4, 9, 18 

um, island of, augite of. 56 

utley, F 9, 18 

:utley, Frank, relationship of augite and diallage 56 

t. Cloud ', 85, 86 

t. J^uis river 105, 106, 108 

t. Paul's rocks 20 

t. Paul'sHKiks, olivine of. 102 

an Domingo, gabbro of. 48 

anidin. in basalt X^, 36 

andwich Islands, glassy lavas of. 31 

aponite 38 

auer, G. A 18 

•aussurite 100 

ianssurite, an altered state of feld.spar 43 

>axony 130 

iaxonyte 21, 131, 132 
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Pyroxene, altered to chlorite 51 

Pyroxene, altered to hornblende .^. 66, 67, l'i6 

Pyroxene, altered to talc 24 

Pyroxene, altered to viridite 71 

Pyroxene, alteration of. 70-128 

Pyroxene, ciystallizing aboat magnetite 65 

Pyroxene, foliated in gabbro 1 48 

Pyroxene, secondary magnetite in 64, 65 

Pyroxene, twinned rhombic and monoclinic 126 

Pyroxene, unknown form of. 128 

Pyroxene, see enstatite, diallage, and angite. 

Pyroxene minerals, alteration of. 26, 27 

Pyroxene minerals, of pendotyte 24 

Pyroxenyte 17 

Pyrite, alteration product of basalt 41 

Pyrite, alteration product resembing leucoxeue 42 

Pyrite in diabase 100, 110, 115, 119, 121 

Pyrite in gabbro 81 

Pyrite in porodyte 121-123, 128 

Pyrite, secondary origin of. 32, 69 

Pyrite, surrounding and penetrating magnetite 65 

Quartz, alteration product of augite 42 

Quartz, alt'Cration product of basalt 41 

Quartz, as a foreign, indigenous and alteration product 8 

Quartz, in andesyte 35 

Quartz, in basalt 33, 35, 36 

Quartz, containing fluid cavities 67, 68 

Quartz, crystallized in basalt 37 

Quartz, detached grains forming one individual 67 

Quartz, general characters of. 67, 68 

Quartz, in diabase 100-121 

Quartz, in gabbro 49, 50, 71-97 

Quartz, in propylyte 35 

Quartz, in quartz porphyry sometimes secondary ; 68 

Quartz, in trachyte 35 

Quartz, later origin in granite 86 

Quartz, replacing olivine 61 

Quartz, retaining plagioclastic striations 53, 68, 84, 86, 87, 88 

Quartz, secondary production of. 11, 67, 71-121 

Quartz, trausversed by bands 123 

Quartz-biotite-dioryte 120 

Quartz diabase 101 

Quartz-dioryte 67 

Quartz dioryt<;, a metamorphic stat€ of basalt 11 

Quartz dioryte, an altered form of diabase 109, 115, 118, 119, 121 

Quartz dioryte, an altered gabbro 76, 85 

Quaitz dioryte, see dioryte. 

Quartz dioryte porphyryt« 16 

Quartz free, an incorrect term 62 
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47,67 

an alteration form of gabbio 59 

produced by the alteration of basalt. 6 

, N. E. i Sec. 25 95 

, N. W. J, N. E. i Sec. 27 95 

S. W. J Sec. 22 95 

7, Sec. 28 109 

E 79 

5 78 

3. Sec. 26 78, 90, 101 

Z. S. W. J Sec. 30 80 

kV. S. W. JSec. 14 128 

V. Sec 36 115 

^V. S. E. i Sec. 30 100 

5weden 65 

e, altered forms of. , 30-32 

e forming a globnlitic base 30 

e, general chararactere of. 29-31 

e, passage into basalt 30 

e, spherulites in 30 

'ration form of pyroxene 24 

«rpentine ,... 29 

5t, formed from peridotyte 23, 24 

Falls 114, 119 

J. H 9 

J. IL, on the cheviot rocks 15 

lice River lake 87 

1 12 

te 12, 47 

J : ; 5 

5 14 

83, 85-87, 94, 115, 116, 121 

secondary in gabbro 76 

secondary origin of. 11, 69 

3US iron, see menaccanite 36 

I, in magnetite 63, 64 

im, A. E 5 

im, A. E., on the Ovifak basalt 101 

ne 69, 122 

16, 123 

, quartz in 35 

, pitchstone 17 

, secondary origin of. 68, 84 

e 47, 52 

ik, G •. 5, 6, 18 

L'Avities, in feldspar 74 

cavities, in plagioclase 52 

kke 71, 72 93 

eration of. 43, 44 
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TufSei, andesitic 128 

Tufa, basaltic /. 43, 44 

Tnfa, determination of basaltic 44 

Tufa, of peridotyte 22 

Twinning, showing at point of extinction 53 

Two Harbor bay 113 

Uralite, see hornblende. 

Van Hise, C. R 9 

Vapor cavities, trains of. 98 

Vermilion lake 120, 121, 123 

Viridite, an alteration product 6, 11 

Viridite, an alteration product of feldspar 53, 64 

Viridit« passing into chlorite, biotlte and hornblende 69 

Viridite passing into hornblende 58, 80 

Wadsworth, M. E 131 

Water, percolating, action of ^ 8, 9 

Wauswaugonirig bay 81, 115 

Wherlyte 96 

Wherlyte, a bad term in petrography 21, 22 

Wichmann, A 5, 59 

Wichmann, A., on the formation of viridite 54 

Williams, G. H 9 

Williams, G. H., on diallage striations 58, 66 

Williams, G. H., on the alteration of gabbro 84 

Winchell, N. H., description of rocks 3 

Winchell, N. H., List of Minnesota minerals 122 

Winchell, N. H., on eruptive origin of gabbro iron ore deposits 64 

Winchell, N. H., on porphyry 125 

WindUike 97 

Wright, C. E 59 

Zircon 27, 83, 84, 94 

Zirkel, F 5, 6 

Zirkel, F., onaugiteof Mull IT 

Zirkelyte, general characters of. 31, 32 

Zirkelyte, name proposed i 30 

Zeolites 38, 111 



ERRATA. 



9, nineteenth line from bottom, omit certain before terminology. 
Pa^e 18, twentieth line from top, for Jannentaz read Jannetoz. 

twentieth line from top, for serpentinou- read serpentinous. 

seventh line from top, for apprehcaos read approaches. 

last line, for analysis read analyses. 

thirteenth line from top; for syenyte granite read syenyte, granite. 

eighth line from bottom, for nfephelitic read nepheline. 

second line from bottom, insert 1 after Fig. 

last footnote, for Arm read Ann. 

thirteenth line from top, insert than the between crystalline and 



P&l^e 24 

I*«i«e 30 

I*a^e 44 

PA^^e 47 

i*age 47 

i*»ge 51 

53 

55 

latter 

;g 56 

l^a^e 59 

I^age 60 
1^ 



60 
e 61 
I^age 61 
^age 64 
^tt«e 66 
^***«e 70 
*^»*Ce71 
^*M5e 78 
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second line from top, substitute a comma for the semicolon. 

second line from bottom, for noryite read noryte. 

thirteenth and fourteenth lines from top, for protposed read proposed. 

sixth line fiK>m bottom, for serpentinezation read seriwutinization. 

ninth and tenth lines from top, for formatation read formation. 

eleventh line from top, for homogenious read homogeneous. 

seventh line from top, for exists read exist. 

nineteenth line from top, for (ante , jmge 00) read (ante, page 58). 



twelfth line from bottom, for sphyrulitic read spherulitio. 
thirteenth line from top, for pyroxine read pyroxene, 
seventeenth line from bottom, for changed to diallage read changed 
^iiillage. 

80, fourth line from top, for (ante, page 00) read (ante, i)age« 55-57). 

82, eleventh line fVom bottom, for analy es read analysis. 

88, fifteenth and sixteenth lines from top, for i)eriphyries read iwripheries. 

95, sixteenth line from top, for oIi\'ive read olivine. 

97, seventh line from bottom, for co read compared. 

99, sixth line frotu top, for alteraation read alteration. 

99, fourteenth line from bottom, for angite reatl augite. 

101, third line from top, for palagionite rea<l palagonite. 

101, fourth line from bottom, for See. read Sec. 

104, fourteenth line from top, for veriditic read viriditic. 

104, fifteenth line from top, for spherlitic reiul spherulitic. 

106, fourth line from bottom, for microscopically read macroscopically. 

109, fourth and fifth lines from top, for quartz-magnetite, read quartz, 
•signetite. 

114, eighth line fix)m top, for magnite read nuignetite. 
i 114, seventh line from bottom, for felhspar read feldspar, 
i 114, sixth line from bottom, for viridite read viridite. 
^ 115, first line on top, for alid, read and. 

a 116, sixteenth line from bottom, for chlorite is material, read ch loritic 
siterial. 

^,124, eigthteenth line from bottom, for chlorite read chlorite, 
s 127, second line from bottom, for Plate VI, read Plate XI,. 



ERRATA. 

Page 9, nineteenth line from bottom, omit certain before terminology. 

Page 18, twentieth line from top, for Jannentaz read Jannetaz. 

Page 24, twentieth line from top, for serpentinoa- read serpen tinous. 

Page 30, seventh line from top, for apprebcaos read approaches. 

Page 44, last line, for analysis read analyses. 

Page 47, thirteenth line from top; for syenyte granite read syenyte, granite. 

Page 47, eighth line from bottom, for nfephelitic read nepheline. 

Page 51, second line from bottom, insert 1 after Fig. 

Page 53, last footnote, for Arm read Ann. 

Page 55, thirteenth line from top, insert than the between crystalline and 

latter. 
Page 56, second line from top, substitute a comma for the semicolon. 
Page 59, second line from bottom, for noryite read noryte. 
Page 60, thirteenth and fourteenth lines from top, for protposed read proposed. 
Page 60, sixth line from bottom, for serpentinezation read serpentinization. 
Page 61, ninth and tenth lines from top, for formatation rea<l formation. 
Page 61, eleventh line from top, for homogenious read homogeneous. 
Page 64, seventh line from top, for exists read exist. 

Page 66, nineteenth line from top, for (ante , page 00) read (ante, page 58). 

Page 70, twelfth line from bottom, for sphyrulitic read spherulitic. 
Page 71, thirteenth line from top, for pyroxine read pyroxene. 
Page 78, seventeenth line from bottom, for changed to diallage read changed 
* diallage. 

Page 80, fourth line from top, for (ante, page 00) read (ante, i)ages 55-57). 
Page 82, eleventh line from bottom, for analy es read analysis. 
Page 88, fifteenth and sixteenth lines from top, for peripliyries read peripheries. 
Page 95, sixteenth line from top, for olivive reiul olivine. 
Pa^e 97, seventh line from bottom, for co read compared. 
Page 99, sixth line from top, for alteraation read alteration. 
Page 99, fourteenth line from bottom, for angite rea<l augite. 
Page 101, third line from top, for palagiouite read palagonite. 
Page 101, fourth line from bottom, for See. read Sec. 
Page 104, fourteenth line from top, for veriditic read viriditic. 
Page 104, fifteenth line from top, for spherlitic reiid spherulitic. 
Page 106, fourth line from bottom, for microscopically read macroscopically. 
Page 109, fourth and fifth lines from top, for (quartz-magnetite, read quartz, 

magnetite. 
Page 114, eighth line from top, for maguite rea<l magnetite. 
Page 114, seventh line from bottom, for fellispar read feldspar. 
Page 114, sixth line from bottom, for viridite read viridite. 
Page 115, first line on top, for aJid, read and. 
Page 116, sixteenth line fix)m bottom, for chlorite is materiid, read chloritic 

material. 
Page ^124, eigthteenth line from bottom, for chlorite read chlorite. 
Page 127, seoond line from bottom, for Plate VI, read Plate XI,. 
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Fig. 1. * Serpentine. Page 29. 

The figure shows pale yellowish irregular masses of serpentine 
containing magnetite grains. The yellowish serpentine patches 
indicate the position of some of the olivine grains, which have 
been altered to serpentine. The yellowish serpentine masses are 
surrounded by bands of lighter or colorle ss serpentine and by 
irregular lines of magnetite granules. Magnetit^in~aggrega- 
tions of grains or in crystalline masses is also shown ^in the 
figure. 

Fig. 2. Gdbbro (altered). Pages 58, 65, 69, 71. 

In the upper leil-hand portion is represented a diallage crys- 
tal. The diallage in^its^upper portion, not shown in the figure, 
is comparatively! unaltered, but the lower portion is much 
changed and filled [with magnetite as an alteration product, 
which is also arranged^as a fringe, on the end of the crystal, the 
same as iron filings are on the pole of a bar magnet. The py- 
roxene passes into chloritic material, and the chief portion of 
the figure is composed of radiating chlorite fibres with quartz 
and much secondary magnetite — the whole forming a chlorite 
schist. 
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PLATE II. 

Kg. 1. Oabbro (noryfe). Pages 59, 70. 

The lower portion of the figure represents an augitic looking 
enstatite traversed by fissures along which a fibrous alteration 
or cleavage structure is formed parallel to the plane of extinc- 
tion. The upper portion shows the plagioclastic feldspar cut- 
ting the enstatite, and is an earlier crystallization. 

Fig. 2. Odbhro, bearing enstatite. Pages 59, 91. 

This figure is formed by brownish irregular diallage masses 
cut by the colorless plagioclase, and holding rounded grains of 
enstatite rendered cloudy by bands of magnetite dust arranged 
along the cleavage lines. 
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Fig. 1. Chbbro (cUvinenofyte). Pages 59, 62, 65, 91. 

The figure shows white colorless fissured plagioclase, with yel- 
lowish rounded olivines about which the enstatite has crystal- 
lized as a centre. The figure also shows patches of magnetite 
bordered in some cases by secondary reddish brown biotite. 

Fig. 2. Qabbro. Pages 65, 66, 93. 

This shows a crystalline section composed of pale brown dial- 
lage, colorless feldspar, yellowish altered olivine, magnetite, and 
reddish brown secondary biotite bordering the magnetite and 
diallage. 
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PliATE IV. 

Pig. 1. Gdbbro. Pages 51, 66, 92. 

The figure shows the fine crystalline structure, believed 
writer to be produced by the recrystallization of the ma 
in a rock. The chief portion of the figure is made 
rounded granules or heaps of such granules of feldspar, n 
tite and diallage. On the right is shown a secondary I 
with inclusions of quartz and magnetite, while the lower p 
of the figure is largely occupied by a greenish secondary 
blende. 

Fig. 2. Gdbbro. Pages 58, 66, 71. 

This shows in the centre a yellowish brown diallage ci 
altered along its cleavage and fissure planes to a greenish ] 
biotite, which carries magnetite. Portions of the uncb 
pyroxene lie between the biotite plates. The pyroxene 
rounded by partially kaolinized feldspars, which carry 
magnetite and biotite scales. 
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PUiTE V. 

Fig. 1. GMbbro (FareOengtein). Pages 61, 95. 

The central and npper portion of the figure is oomi)08ed 
colorless fissured olivine grains, traversed by a few bandf 
greenish serpentine lying between the olivine. Forming 
base of the figure is colorless plagioclase. 



Fig. 2. Gabbro ^I^n-eOengtein). Pages 61, 95. 

This is from the same section as Fig. 1, and shows the alt4 
tion of the olivine to a brownish serpentine. The serpeni 
forms the usual network traversing the olivine fissures, leav 
colorless grains of unaltered olivine in the meshes of the serf 
tine net. A band of feldspar is shown in the lower portioi 
the figure. 



PLATE VI. 

Fig. 1. Chibbro bearing magnetite. Pages 65, 89. 

The magnetite which occupies the principal portion of the 
figure is in irregular rounded grains surrounded by a browr 
biotite, and a clear feebly polarizing greenish substance of un 
known character, but probably an early stage in the formatioi 
of biotite. The biotite is supposed by the writer to be the re 
suit of alteration and a reaction 1t>etween the magnetite and th( 
feldspar which forms the lower portion of the figure outside o: 
the biotite border. 

Pig. 2. Gabbro. Pages 57, 77. 

This represents an imperfect spherulitic structure of believec 
secondary origin in the rock. It has, as the nucleus, a crystal o: 
plagioclase with an envelope of diallage, the intermediate por 
tion being composed of a confused radiated mass of altered rod 
material — ferrite, fibrous matter, viridite, kaolin, magnetite 
quartz, etc. The figure also shows clear colorless patches o 
quartz holding microlites and some magnetite. Much magnetit< 
in larger masses is shown in the figure. The diallage, althougl 
clear in places, for the most part has a secondary radiated struc 
ture, produced by alteration. It is this structure which give 
the schillerization or micaceous character to the rock. 
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PLATE Vn. 

Fig. 1. GrOJbhro shatoing augite alteration. Pages 57, 80. 

This is a crystal of angite with its cleavage ruDning from the 
bottom to the top of the figure. The crystal is partially altered 
to a diallage and viridite which passes into a brownish horn 
blende on the right and left of the figure. The cleavage and fib 
rous structure of the diallage and viridite is at right angles tc 
the augite cleavage which is obliterated by it, while the horn 
blende cleavage corresponds to that of the augite. None of these 
secondary products agree in orientation with the augite from 
which they are derived, but the detached areas of hornblende 
are optically parts of the same crystal. Many magnetite grains 
exist in the altered portion of the augite. 

Fig. 2. Gdbbro showing diallage alteration. Pages 68, 61 , 68, 81. 

The central portion of the figure is a diallage core containing 
a plate of secondary reddish brown biotite. This diallage core 
as the first step in the alteration is surrounded by viridite which 
penetrates along the cracks of the diallage. As the second stage 
in the alteration the viridite passes into hornblende which forma 
the altered exterior portion of the diallage. Surrounding the 
hornblende comes the altered rock mass now composed of quartz, 
which* contains microlites, and magnetite, and brownish alterec 
feldspathic material. 
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PliATE VIII. 

Fig. 1. Oalbhro showing aUeratian of diaUage into green and 
broum hornblende and biotUe. Pages 58, 66, 85. 

The left central portion is formed by a partially altered dial- 
lage core containing greenish and yellowish plates. The core is 
surrounded by a green hornblende formed from the diallage, 
while exteriorly the green hornblende passes into brown horn- 
blende showing its prismatic cleavage; and also into biotite con- 
taining magnetite which has separated out during the alteration. 
Epidote as an alteration product occurs in the upper portion of 
the figure, while rounded secondary grains of quartz are seen 
in the hornblende. The surrounding material is feldspar and 
secondary quartz. 



Fig. 2. Gabbro altered to quartz dioritej showing quartz pseudo- 
morphous after plagioclase. Pages 53, 68, 88. 

The upper portion of the figure is occupied by quartz grains 
holding kaolinized material derived from altered feldspars, ^ile 
the lower central portion is composed of quartz retaining the 
striations of plagioclase and part of the kaolinized matter. The 
right and left of the figure are occupied by brown and green 
hornblende, and the centre by yellowish brown titanite. 
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FliATE IX. 

Fig. 1. Oabbro altered to graphic granite. Pages 68, 81. 

This isYrom the same section as Fig. 2 of Plate Vn, and shows 
a reddish brown ferritic mass of altered feldspathic material in- 
closing angular and rounded grains of secondary quartz which 
carry microlites and fluid cavities. The detached grains often 
polarize as parts of the same individual. A brownish biotite is 
represented in the right hand lower portion of the figure. 



Fig. 2. Gabbro altered to a htotUe-hornblende granite. 

Pages 68. 81. 

This is a more highly altered portion of the same section 
shown in Fig. 1. The central portion is occupied by secondary 
quartz which carries microlites and fluid cavities. On the top 
and boybtom are represented the dark brown biotites and on the 
right hand a brown hornblende, all of which are of secondary ori- 
gin. On the lower left hand and in the upper portion of the 
figure is shown the brownish alteration of the feldspathic 
material. 
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PLATE X. 

Fig. 1. Andesyte aUered to aporphyryte. Pages d5y 125. 

This shows the porphyritic stractare of andesytes with the 
corroded hornblende having blackened edges. On the left are 
two fractured and faulted hornblendes which have been partially 
blackened on the broken parts since the fracture. The grayish 
groundmass is composed of chlorite scales, augite microlites and 
granules partially altered, feldspar microlites, magnetite, fibrous 
material, etc. 



Fig. 2. Andesyte aUered to a porphyryte. Pages 65, 125. 

This figure is from the same section as Fig. 1, and shows two 
partially destroyed hornblendes with the interpenetrating 
tongues of the groundmass. The upper hornblende has its original 
outline on the top indicated by the band of magnetite grains. The 
separating groundmass has been altered to green chlorite in one 
spot. The lower hornblende contains a portion of one of the 
bays of groundmass cut off in its interior. 
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Fig. 1. Andesyte aUered to aporphyryte. Page 126. 

This figure has its upper portion formed by a pyroxene twin, 
composed of twinned bands, running from right to left, of paral- 
lel and oblique extinguishing rhombic and monoclinic pyroxene. 
The entire crystal has been altered to a yellowish hornblende, 
showing the prismatic cleavage of that mineral with its dichro- 
ism, although the prismatic planes of the crystal are those of 
pyroxene. Below, but joined to it, is a yellowish green secondary 
hornblende, a crystal of which partially shows on the right. Be- 
low the first hornblende are greenish plates of chlorite and yel- 
lowish grains of epidote. The groundmass is composed of chlo- 
rite, magnetite, hornblende, etc. 

Fig. 2. Andesyte aUered to a dioryte. Page 127. 

The figure shows some porphyritic secondary hornblendes 
containing magnetite and apatite, and surrounded by a ground- 
mass of feldspar, hornblende, magnetite, and epidote. 
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PliATEXn. 

Fig. 1. Andesyte, Parodyte. Page 128. 

This figure is of a porodyte composed of andesitic fragments, 
andesitic pyroxenes, partially destroyed and blackened horn- 
blendes, and a pleochroic altered pyroxene, secondary chlorite 
and epidote, magnetite, and quartz fragments. The pyroxenes 
are partially altered to chlorite and partially to augite. To the 
right of the centre is shown one of the partially destroyed horn- 
blendes with its border of magn^ite. 

Fig. 2. Qabhro showing aUeration of olivine. Page 93. 

The figure shows three partially altered olivines inclosed by 
colorless feldspar and brownish diallage. The olivine is partial- 
ly divided into rect>angular interspaces by two cleavages, whose 
lines are bordered by fine magnetite plates and needles. The 
alteration usually proceeds along these lines but sometimes ir- 
regularly occupies the entire portion of the olivine. The dial- 
lage shows in places its fine parallel cleavage and disseminated 
magnetite dust. 
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NARRATIVE. 

The admirable collection of information on the flowering plants 
nd vascular cryptogams, which Mr. Upham embodied in his 
<D(Udlogue of the Flora of Minnesota^ published in 1884, made 
vailable essentially all that was at that time procurable 
egarding the Minnesota flora, with the exception of a compara- 
ively small amount pertaining to the lower cryptogams. Mr. 
"Xjpham has brought this catalogue up to date in a supplement 
:i ncluded in the present report. 

Were botanical science stable and mature instead of changeable 
growing, and could one always rely upon the determination 
plants made by various observers, it would be only necessary 
add to this excellent beginning such additional names as might 
reported from time to time, until all the plants of the state 
Ibad been enumerated, when a final revision would afford a com- 
;^lete flora. But such conditions do not exist, and the only satis- 
:Cactory method of overcoming the sources of error accompanying 
"fclie alternative, especially when the work extends through a 
*iuinber of years, as proposed for the Minnesota survey, is to 
:^rovide a substantial basis in the form of a suitable herbarium, 
o that in the final enumemtion a critical and comparative study 
material actually in hand may serve to point out former mis- 
akeR, and enable the whole to be revised according to the latest 
-^developments of the science. 

In more formally opening up the botanical work of the survey 

i-t is proposed, in accordance with these views, to emphasize at 

^Grst two mutually supplementary features, the preservation of a 

3:ierbarium to serve as a basis for study, and the systematic ex- 

;;^loration of the less known parts of the state ; at the same time 

^ata will be gathered, as far as possible, upon all questions of 

interest connected with the state flora, which will be embodied 

in reports as occasion requires. It is not intended to interrupt 

'fclie general enumeration of plants already referred to, a part of 

'fclie survey originated and prosecuted by Mr. Upham, with the 

-^io-operation of many local collectors, including several specially 

-Enthusiastic students of field botany. 

The locality selected for exploration for the season of 1886 was 
'XTermilion lake and vicinity, a region lying between the north 
i^liore of lake Superior and the International Boundry. The 
Ibotanical party reached Vermilion lake July 17th, and went into 



camp with the geologists already on the^spot, near the village of 
Tower. The endeavor had been to form a small party of special- 
ists, who were adepts at collecting plants in general, and also 
able to exert unusual powera of observation toward certain 
groups, and thus insure more important results than could be 
hoped for from the ordinary collector. The survey was fortunate 
in secnring the assistance of Professor L. H. Bailey, Jr., of the 
Agricultural CJollege of Michigan, well known for his critical 
study of the difficult genus Carex, and of Mr. E. W. D. Hoi way, 
of Decorah, Iowa, an acute observer, and especially interested in 
the pyrenomycetous fungi and the slime moulds. These two and 
the writer, with the necessary assistants, spent nearly two weeks 
in botanical exploration of the region already indicated. 

The camp was situated at the southern end of Vermilion 
lake, at about 48° north latitude, and daily excursions were 
made within a radius of some half a dozen miles from camp. 
On the twenty- third of the month the point was visited where 
the Iron Bange railroad crosses the head waters of the St. Louis 
river, a distance southward of about thirty miles, and all plants 
gathered upon that excursion are marked accordingly. On the 
twenty-fourth Professor Bailey, with an assistant and an Indian 
guide, started on a five days' trip to the British boundary at 
Hunter's island. Collections were made at intermediate points, 
given in the catalogue as Mud river. Mud lake, Burntside lake. 
Long lake. Fall lake, and Basswood lake. Collections were also 
made, although not large ones, at Duluth and Two Harbors 
(Agate bay), on the north shore of lake Superior, both in going 
and coming. 

The vegetation of this region appeared ample enough when 
looked at casually, but a systematic search showed a discourag- 
ing paucity of species, doubtlass aggravated at the time of our 
stay by the rather severe drought which was prevailing. The 
lower plants were especially meagre, and none more so than the 
pileated fungi. Although but a few days were occupied in this 
exploration, yet so thorough was the search, that it is believed 
a large proportion of the flowering plants were secured and are 
included in the following list, some of them being necessarily 
gathered in fruit or only in leaf, with a fair showing also of the 
less conspicious part of the flora, the mosses, liverworts, fungi 
and algie, including many microscopic plants. 

The region has only been inhabited by Indians and hunters 
till about three years ago, when the opening of iron mines near 
the southern shore of Vermilion lake, and the construction of a 



railway from that point to the uorth shore of lake Superior for 
the transportation of ore, brought in many minera, shop-keepers 
and adventurers, and has built up the village of Tower to about 
a thousand inhabitants. The summer season is so short and un- 
certain that almost the only crop which can be safely grown is 
that of potatoCvS. Owing to the recent and limited settlement, 
and to the great restriction of agricultural operations, the intro- 
duced weeds of the region are necessarily few; careful attention 
was given to their collection, and the result is shown in the 
general list. It is worth mentioning that the introduced and 
cultivated plants were accompanied by their usual fungous para- 
sites — abundance of Peronospora occurred upon Chenopodium 
album, and of Cystopus upon Amarantus retroflexus, while the 
small patches of very dwarf Indian corn bore quite as much Puc- 
cinia as usually prevails in a more congenial climate. 

Other features of the flora of the region are mentioned by Pro- 
fessor Bailey in the following article. 

SKETCH OF THE FLORA OF VERMILION LAKE AND 

VICINITY. 

By L. H. Bailey, Jr. 

In some respects the flora of this region is anomalous. In 
most of its features it differs little from that of central Michigan 
six degrees to the southward. This southern cast to the flora 
finds a ready explanation, however, in the fact that Vermilion 
lake is separated from the cooling influences of lake Superior by 
a degree of primeval forest. It is probably not so much the 
character of the winters as that of the summers which influences 
the distribution of plants in these latitudes. The snow must 
afford great protection to all vegetation at this place, and the 
summers, although short, are warm and the atmosphere is dry. 
All herbs of a more southern range find ample time to reach 
maturity, and the ligneous vegetation simply makes a smaller 
growth. This latter statement is confirmed by the small size of 
nearly all forest trees. Large sawing timber is not common. In 
an apparently primeval pine forest, we found few trees above 
eight or ten inches in diameter, and one measuring some six or 
seven inches was about a hundred years old. There are almost 
no distinctively northern or sub-boreal plants in the flora. The 
most conspicious ones are Rosa acicularis, Alnus viridis, Spar- 
ganiam simplex var. fluitans, Salix balsamifera. Lycopodium 
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annotiDum yar. pungens, Mertensia panicalata, Bettila glanda- 
losa, Yaccinium yitis-idsea and Carex yaginata. Eyen t>f these, 
Betula glandalosa and Vaccinium yitis-idsea were foand on the 
St. Louis riyer nearly thirty miles south of Vermilion lake and 
more directly within the influence of lake Superior; and Alnus 
yiridis was not obseryed south of Long lake, some miles north- 
ward, if we except its occurrence on the cliffe of lake Superior 
at Agate bay. 

One of the most striking features of this flora is its monotony. 
Although the expedition has good reason to belieye that it col- 
lected four-fifths of the flowering plants and yascular crypto- 
gams common to the region, the collection from lake Superior 
to the International Boundary, did not much exceed 100 species. 
The flora of a similar area six degrees southwards would com- 
prise from 1,000 to 1,200 species. Here is an illustration of the 
law that species decrease with the increase of latitude. I took 
pains to count the number of species growing upon giyen areas. 
Upon an area similar to that which would giye from thirty to 
fifty species- at Lansing, Mich., I counted from a dozen to twenty 
species. One of these areas, some four or more square rods, 
comprised the following : 

Aspen — Populus tremuloides. 

Birch — Betula papyrifera. 

Willow — Salix rostrata. 

Bush honeysuckle — Dieryilla trifida. 

Dogwood — CJornus stolonifera. 

Bird cherry — Prunus pennsylyanica. 
' Epilobium — E. spicatum. 

Plantain — PlantaKO major. • 

Strawberry— Fragariayirginiana, yar. illinoensis. 

Antennaria — A. plautaginifolia. 

White cloyer — Trifolium repens. 

Eush — Juncus tenuis. 

Vetches — Lathyrus yenosus and L. paluster. 

Aster — A. paniculatus. 

Carex — C. stipata. 

Eed-top — Agrostis yulgaris. 

Brake — Pteris aquilina. 
Moreoyer, most of these plants existed only as single speci- 
mens, and the character of the flora was determined by a half 
dozen species. 
A few yery i^are or local plants were found, as follows : 

Sparganium simplex, yar. fluitans, abundant. 



Nnphar advena^ var. minoi*; known heretofore only 
from Litchfield, N. Y. 
Potamogeton obtnsifolios. 
Carex houghtonii, abundant. 
Monotropa hypopitys. 
Jancas stygins. 

Aspidiam fragrans, at Basswood lake. 
Littorella lacustris, at Basswood lake, jast inside the 
International Boundary. 
To these may be added Carex pinguis ». «p., (C. adusta, var. 
glomerata), C. arctata X flexilis (C. knieskernii), and Salix 
Ineida var. serissima, n. var. This variety of Salix lucida occurs 
At Lansing, Mich., and Ithaca, New York. 
The leading forest trees of the region are: 

Red pine — Pinus resinosa. 
Arbor vitse — Thuya occiden talis. 
White pine — Pinus strobus. 
Balsam poplar — Populus balsamifera. 
Aspen — P. tremuloides, more arboreal than I have 
ever seen it elsewhere. 

Ashes — Fraxinus americana and F. pubescens, 
always small. 
Sugar maple — Acer saccharinum, local. 
Red and silver maples — A. rubrum and A. dasycar- 
pum, rare and small. 
Burr oak — Quercus macrocarpa, local and small. 
Basswood — Tilia americana, not common. 
Elm — XJlmus americana, not common. 
Tamarack — Larix americana and 
Black spruce — Abies nigra, are common every- 
where in swamps. 

Paper birch — Betula papyiifera, very abundant. 
Yellow birch — Betula lutea, a single tree found 
midway between Vermilion lake and the International 
Boundary; it is rather common southwards toward 
Agate bay. 
The fruits of the region are few, and mostly poor. The best 
the blueberries, chiefly Vaccinium pennsylvanicum, which 
•ow very large and are tender and aromatic. On Hunter's 
^^land, in the International chain, fruits of this plant often 
^^neasured one and two-thirds inches in circumference and the 
plants were wonderfully productive. The true Fragaria virgin- 
^Sana is occasionally met with, and its fruits are always large and 
2 
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very sweet. Its var. illinoensis and F. vesca are more common, 
but their fruits, especially of the latter, are very poor. Va- 
rious forms of the June-berry are esteemed by the Indians. The 
best of these forms, though not the commonest, is Amelanchier 
canadensis var. bligocarpa. Thi-j occurs nearer the Boundary. 
The small gooseberry, Ribes oxyacanthoides, occurs occasionally, 
but apparently is not abundant enough to furnish any consider- 
able article of foo(L The dry, almost inedible fruits of a haw- 
thorn (typical Crataegus tomentosa) are also eaten. The only 
membei'S of the genus Prunus are the choke-cherry (P/virginiand) 
and the bird cherry (P. penn»ylvanica). The fruits of the former 
are sometimes eaten. Red raspberries are abundant, even on 
Hunter's island. Black raspberries, blackberries and dewberries 
do not occur. Grapes are not found, and they appear to be en- 
tirely unknown to the Indians. 

t 

PLANTS COLLECTED BETWEEN LAKE SUPERIOR AND 
THE INTERNATIONAL BOUNARY, JULY, 1886. 

By J. C. Arthur, L. H. Bailey, Jr. and E. W. D. Holway. 

To facilitate the work of collecting ea,ch of the three members 
of the party devoted his chief attention to a particular part of 
the flora, and numbered his specimens consecutively as gathered, 
prefixing his initial. Each number in this list, therefore, repre- 
sents a specimen deposited in the herbarium of the survey, 
be^iring a corresponding number. This renders it possible to 
verify or revise the list at any tini»^, by the use of the original 
material. 

The catalogue comprises some 374 genera and about twice as 
many species, somewhat equally divided between the flowering 
and flowerless plants. There are observations and critical re- 
marks appended to many of the species, and the following new 
species and varieties are described: 

Antliostoina flavo-viride Ellis & Hohvav. 

ft 

Boletus aiiiericanus Peck. 
Carex pinguis Bailey. 
Ciboria taba<*ina Ellis & Hohvav. 
Nectria perforata Ellis & Holway. 
Peziza borealis Eli is & Holwav. 
Peziza oHvatra Ellis & Holwav. 
Piiccinia lialcnia'^ Arthur & Holway. 
Puecinia oniata Arthnr & Holway. 
lianiularia variegata Kilis & Holwny. 
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Synch ytriuiii asari Arthur & Holway. 
Zygrodesnius sublilaeinus Kills & Holway. 

Boletm scaber Fr., var. Ullltabllis Peek. 

Cosmarium npeviomm I-.und., var. abbrc^viatlllil Wolle. 

Salix htcida Miihl., var. serissiilia Bailey. 

Although the list does not conform to a uniform standard of 
classification, the arrangement of the classes and orders is ap- 
proximately that which has most recently found favor with 
American systematists, while the genera and species are plac>ed 
alphabetically in their raspective groups, to facilitate reference. 
An index of genera will also assist in locating any particular 
genus. 

Thanks are due to Professor Bailey and Mr. Holway for their 
energetic assistance in collecting, and for after work, by no 
means inconsiderable, in determining and arranging the mate- 
rial gathered. Acknowledgment is also due to the following 
eminent specialists for kindly determining or verifying speci- 
mens sent them, as stated at proper places in the list : Dr. Asa 
Gray, Dr. Sereno Watsou, Prof. D. C. Eaton, Dr. W. J. Beal, 
Dr. John M. CJoulter, Dr. Charles R. Barnes, Mr. Walter Deane, 
Rev. Thomas Morong, Mr. M. S. Bei>b, Dr. Lucian M. Underwood, 
Mr. Henry Willey, Rev. Francis Wolle, Mr. J. B. Ellis, Mr. 
Charles H. Peck, Mr. B. W. Thomas, Dr. William Trelease and 
Dr. Geo. A. Rex. 



PHANEROGAMIA. 

RAXrXCULAt'E.i:. 

Actaea alba Bigel.— B lU), Vermilion lake. 

Aetata spieata L., var. rubra Ait. — B 291, St. Louis river. 

Anemone dichotonia L.— B SRj, Mad lake. 

Anemone virg^niana L. — A 1(k{, Vermilion lake. 

Aquileg'ia canadensis L.— B 21):i, St. Louis river. 

Coptis trifolia Salisb.— B 312, St. I^ouis river. 

Ranunculus a<iuatilis L.— B 318, St. I-K)ui8 river. 

Ranunculus multifidus Pursh, var. terrestris Gr.— B 95a, Ver- 
milion Uike. Much reduced. (Determined by Gray.) B 441, Fall lake. Also 
much reduced, (rreeping in moist cool places. 

Ranunculus pennsylvanicus L.f.— B 71, Vermilion lake. 

Thalictrum purpuraseens L.— A 68, A 158, Vermilion lake. (De- 
termined hy Trelease.) B 448, Mud lake. B 460, Agate bay. 

NYMPH.«ACE.15. 

Kuphar advena Ait., var. minor Morong.— B 93, Vermilion lake. 
(Determined by Morong.) 
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Nuphar kalmianum Ait.— B 147, B 153, Vermilion lake. (Detemiined 
by Marong.) 
Nymph^ea tuberosa Paine. — B 138, Vermilion lake. 

sabbaceniace:^. 

Sarracenia purpurea L. — B 288, St. Louis river. 

PAPAVEBACEiE. 

Sauguinaria canadensis L.— A 157, Vermilion lake. 

FUMABIACE.E. 

Oorydalis aurea Willd.— B 508, Agate bay. High bluffs of the lake. 
Corydalis grlauca Pursh.— B 114, Vermilion lake. B 333, St Louis 
river. The latter along the railroad track; appearing as if introduced. 

CBrCIFEB.E. 

Brassica campestris L. — B 279, St. Louis river. Near the railroad track. 
Cardamiue hirsuta L.— B 4Qp, Bumtside lake. 

Liepidium intermedium Gr.—B 132, Vermilion lake. B 524, Agate 
bay. 

VIOLACE.T5. 

Viola blanda Willd.^B 455, Mud lake. 

Viola blanda Willd., var. palustriformis Gr.— B 105, Vermilion 
lake. 
Viola blanda Willd., var. renifolia, Gr.—B 382, Mud lake. 
Viola pubescens Ait.— B 236, Vermilion lake. 
Viola striata Ait. (?) — B 378, Mud lake. 

CABYOPHYLLACKfi. 

Cerastium vulgratum L. (of Gray*s Manual.)— B 472, Agate bay. But 
one specimen seen. 

Sapouaria vaccaria L.— B336, St. Louis river. Along railroad track. 
Stellaria longrifoUa Muhl.— B 102, Vermilion lake. 

HYPEBICACE^. 

Elodia campanulata Pursh.— B 55, Vermilion lake. 

Hypericum eauadense L.— B 428, Long lake. (Determined by Ckmiter.) 

TILIACEJ?. 

Tilia americana L.— B 224, B 249, Vermilion lake. 

OEBANIACE£. 

Creranium carotin ianum L.— B 199, Vermilion lake. 
Impatiens fulva Nutt.— A 7, B 118, Vermilion lake. 

ft 

CELASTBAC^E^. 

Celastnis scandens L.— B 2a5, Vermilion lake. 



BHAMNACE.K. 

Rhaniuus alnifolia L'Her. — 6 459, Mud lake. 

SAPINDACEiE. 

Acer dasycarpum Ehrh.-— B 109, Vermilion lake. Not very common. 

Acer rubriim L. — B 186, Vermilion lake. Rare. 

Acer sacchariniiin Wang. — B 225, Vermilion lake. Rare. 

Acer spicatiim Lam. — B 228, Vermilion lake. 

ANACARDIACK.E. 

Rhus srlabra L.— A 43, B 230, B 254, Vermilion lake. Flowering when 
a foot high. 

LEOUMINOS.S. 

Lathyrus ochroleucus Hook. — A 63, B 187, Vermilion lake. The 
first with white flowers. 
Lathyrus paluster L. — B 443, Long lake. 
Lathyrus venosns Mnhl.— B 186a, Vermilion lake. 

BOBACEiB. 

Agrimonia eupatoria L — A 164, B 191, Vermilion lake. 

Amelanchier canadensis T. & G.,Tar. oligrocarpa T. & G.— B 407, 
Bomtside lake. (Determined by Watson. ) 

Amelanchier canadensis T. & G., between var. rotundifolia 71 & O. 
and var. botryapinm T. & G. — B 2, B 487, Vermilion lake. (Determined by 
Watson.) 

CrataBgus coccinea L. — B 449, Mud lake. 

Cratsegrus tomentosa L. — B 57, Vermilion lake. Type. (Deter- 
Joined by WaUton.) 

Fragraria vesca L.— B 45, Vermilion lake. 

Fragrttria' virgriniana Duch. — B 36. Vermilion lake. 

Glenni macrophyllum Willd. — B 253, Vermilion lake. 

C^eum rivale L. — A 67, Vermilion lake. B 350, Mud river. 

Pirus americana DC. — B 315, St. Louis river. 

Pirus sambucifolia C. & S.— B 18, B 22, Vermilion lake. 

Potentilla fk-uticosa L. — B 495, Agate bay. 

Potentilla norvegrica L. — B 278, St. Louis river. Very large. B 469, 
— ^te boy. 

Potentilla paliistris Soop. — B 142, Vermilion lake. 

Potentilla pennsylvanica L.— B 612, Agate bay. 

Potentilla tridentata SoL— B 425, Fall lake. B 513, Agate bay. 

Prunus pennsylvanica L.f. — B 169, Vermilion lake. B 351, Mud 
^ver. 

Prunus virgriniana L. — B 238, Vermilion lake. Not common. B 419, 
^ng lake. 

Rosa acicularis Lindl. — B 84, B 223, Vermilion lake. (Determined by 
Watson.) 

Rosa arkansana Porter, var. — B 34, Vermilion lake. ( Determined by 

Watmm. 
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CAPBIFOLIACE.*:. 



DierviUa trificla MuMich.— B 167, Vermilion lake. 
Lduna'a borealin Gron.— B 48, Vermilion lake. 
lionicera ciliata Mnhl.— B 243, Vermilion lake. 
Lonicera hirHUta Eaton.— B 61, B 123, Vermilion lake. 
Loaicera oblongrifolia Hook.— B 390, Vennilion lake. 
Sjnnphoricarpus raceniosiis Michx., var. paucifloniH Kobbins.— 
B. 415, Bumteide lake. 
Viburnitm opulus L. — A 174, Vermilion lake. 
Vibiirnum pitbeseens Pureh.— B 62, Vermilion lake. 

RUBIACEjK. 

Galium asprellnm Michx.— A 72, Vermilion lake. B 356, Mud river. 
Galium triftdum L.—A 10, B 73, Vermilion lake. B 275, B 297, St. 
Loais river. 

Galium triflorum Miehx.— B 44, B 210, Vermilion lake. In pine woods. 
B 330. St. Louis river. B 505, Agate bay. 

Houstonia purpurea L., var. longrifolia Gr.— B 474, Agate bay. 
^ocks. 

(!0MP08ITiE. 

Achillea millefolium L.— B 159, Vermilion lake. 
^deuocaulon bicolor Hook.— B 296, St. Louis river. Leaves only. 
C^^termined by Deane.) 

^Anaphalis margrarititcea B. & H.— B 160, Vermilion lake. 
^Antennaria plantagrinifolia Hook.— B 218, Vermilion lake. 
^Aster azureu8 Lindl. (?) — B 507, Agate bay. 

-Aster lougrifolius Lam. — B 266, St Louis river. (Determined by Gray.) 
-Aster macrophyllus L.— B 190, B 197, B 245, Vermilion lake. B 462, 
S03, Agate bay. 

-Aster paniculatus Lam. (?) — B 217, Vermilion lake. Too young. 
-Aster ptarmicoides T. <& G. — B 617, A^te bay. Rocks near the lake. 
--A^ster sagrittifolius Willd.— B 213, B 269, Vermilion lake. B 458, 
"^^d lake. (Determined by Gray,) 
-A.ster umbellatus Mill., var. pubens.Gr.— B 198, A 66, Vermilion 

e. B 337, St. Louis river. B 473, Agate bay. 
^^^idens beckii Torr.— B 541, Long lake. 
^^Bidens flrondosa L. (?) — B 72, Vermilion lake. 
^[)uicus muticus Pursh. — B 33, Vermilion lake. 

eron cauadensis L. — B 271, St. Ix>uis river. 
eron philadelphicus L.—A 65, B285, Vermilion lake. 
erou strigrosus Muhl. — B 161, Vermilion lake. 
^^^japatorium purpureum L. — A 64, Vermilion lake. 
^^[felianthns grigrauteus L. — B 456, Mud lake. 
^^Sieracium canadeuse Michx. — B 522, Agate bay. 
^^Bieracium scabrum Michx.— A 166, Vermilion lake. B 308, St. 
'>UB river. 

^^[Actuca canadensis L. — B 196, Vermilion lake. 
^^iactuca leucophaea Gr.— B 457, Mud lake. 
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• 

Primula nii8tas8inica Michx. — B 477, Agate bay. 
Steironema eiliatum Raf. — A 71, Vermilion lake. 
THentalis americana Pursh. — B 244, Vermilion lake. 

OLEACE.K. 

Fraxiniis pubescens Lam.— B 56, B 58, Vermilion lake. 
Fraxinus sambueiiblia Lam. — B aSO, St. Louis river. 
Fraxiniis viricli» Mlchx. f. — B 117, Vermilion lake. 

APOCYNACE.K. 

Apoeyuuiu androH^iniiblium L.— B 131, B 185, Vermilion' lake. 
The latter with flowers striped with red. 
Apocyuum cannabiiiuiii L. — B 214, Vermilion lake. 

(iENTIANACEJi:. 

Grentlaua audrewsii Griseb.— B 355, Mud rirer. 

Halenia deflexa Griseb.— A 51, B 192, Vermilion lake. B 191, Agate 

Menyauthes trifoliata L.— B 282, St. Louis river. 

BOBBAOIXACE^. 

Kcliiuospermuin ?— B 248, Vermilion lake. 

^M^erteiisia paiiieulata Don.— B 268, Vermilion lake. 

CONVOLVCJLACEJi:. 

CDuscutagrronovIi Willd.— B 180, Vermilion lake. On Epilobium spi- 

80LANACE.«. 

^^^hysalis grandillora Hook. — B 242, Vermilion lake. 

scrophulabia(;e.e. 

^^astilleia coceiuea Spreng.— B 302, St. Louis river. Rate. 
^^helone grlabra L.— B 327, St. Louis river. 

^^S^uplirasia officinalis L.— B 485, Agate bay. On rocks by the lake. 
^^^elampyrum aiiiericaiiiiiii Michx. — B 193, Vermilion lake. 
[imiilus ringens L.— B 111, Vermilion lake. 
scutellata L.— B 99, Vermilion lake. 

LENTIBUhARIACE.E. 

'Ingrulcula viilgraris L.— B 478, Agate bay. 
^-IXtrlcularla VUlgraris L.— A 62, B 75, B 146, Vermilion lake. 

LABIAT.F. 

•runella vulgaris L. — B 188, Vermilion lake. 
^^^alamintha cliiiopodiuui Beuth.— B 59, Vermilion lake. 

^racocephaluin parvifloriiiii Nutt.— B 53, Vennilion lake.' 
lophanthus aiiisatus Benth.— B 49, Vermilion lake. 
3 
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Mentha oauadeusiH L. — B 3, Vermilion lake. 
Scutellaria gralericulata L. — B 76, Vermilion lake. 
Scutellaria lat.erifiora L. — B 52, Vermilion lake. 
Stachy8 anpera Mi<hx. — B 14, Vermilion lake. 

PLANTAGINACEiK. 

Littorella laeustris L. — B 45?, Baaswood lake. 
Plantago int^or L. — B 258^, St. I^uis river. • 

■ 

CHENOPODIACEiE. 

Chenopodium album L. — B 523, Agate bay. 
Ohenopodiiini liybridum L. — B 54, B 241, Vermilion lake. 

POLYGONACEiE. 

Polygronuin acre HBK. — B 370, Mnd river. 

Polyg'oiium dumetoruni L., var. scandens Gr. — B 51, Vermilion 
lake. 

Polygronum hartwrlghtii Gr. — B 417, Long lake. 

Polygonuin niuhlenbergrii Wats. — B 366, Mad river. 

Bumex acetosella L. — B 544, Mnd lake. In a cold swamp by a trail ; 
but one specimen fonnd on tbe wbole journey. 

Bumex brltannicus L. {B. orbkulaiusy Gr.) — B 328, St. Louis river. 

Bumex cri^pus L. — B 204, Vermilion lake. Near an Indian settlement. 

Bumex salicifoUus Weinm. — B 1, Vermilion lake. 

ABISTOLOCIIIACEJ?. 

Asarum cauadense L. — A 159, Vermilion lake. 

CALLITRICHACE^. 

Callitriche vema L. — B 367, Mud river. B 400, Mud lake. 

I'RTICACEJE. 

Ulmu.*!i fiilvaMichx.-~B237, Vermilion lake. 
Urtica gracilis Ait. — B 267, Vermilion lake. Rare. 

MYRICACE.E. 

Coiiipt<Hiia a.splenifolia Ait. — B 409, Bumtside lake. 
Myriciugale L. — B 13, Vermilion lake. 

Aluu.s incaiia Willd. — B 152, Vermilion lake. 
Alnus vii^idis 1)C. — B 445, Ix>ng lake. B 515, Agate bay. 
Betula prlandulosa Michx. — B 300, St. Ix)uis river. 
Botula lutea Michx. l'.— B 552, Fall lake. 

CUrT'LIFER.E. 

Corylus rostrata Ait. — B 229, Vermilion lake. 
Ostrya virffinica Willd. — B 232, Vermilion lake. 
Quercus macrocarpa Michx. —B 534. Mud lake. 
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8ALICACEA. 



Populus balsamifera h. — B 162, Yermilion lake. Common. 

Pppulus treniuloides Michx. — 6 158, Vermilion lake. 

Salix balsamifera Ban — B 16, B 140, Vermilion lake. B 480, Agata 
l»y. (Determined by Bebb. ) 

SalixcandidaWilld. — B 360, Mud river. B 392, Mad lake. (Deter- 
mined by Beth.) 

Salix humills Mnhl.— B 130, B 221, B 286, Vermilion lake. B 408, 
Bamtside lake. (Determined by Bebb.) 

Salix lucida Mubl.— B 358, Mud river. (Detemiined by Bebb) 

Salix lucida Muhl., var. serissiina Bailey (n. var.). Differs from the 
species in frniting very late. It occurs at Lansing, Mich., where its fruit ma- 
tures in September, assuming a bright red color in the sun. It is one of the most 
ornamental of the willows. B 357, Mud river; in fruit. 

Salix myrtilloides L. — B 317, St. Louis river. (Determined by Bebb,) 

Salix myrtilloides L., var. pedicellaiis Carey.— B 137, Vermilion 
lake. (Determined by Bebb.) 

Salix petiolarfs Smith.— B 359, Mud river. (Determined by Bebb.) 

Salix petiolaris Smith, var. grraeilis And.— B 143, Vermilion lake. B 
361, Mud river. (Determined by Beibb.) 

Salix petiolaris X Candida— B 362, B 363, B 364, Mud river. (Deter- 
mined by Bebb.) 

Salix rostrata Rich.— B 212, B 284, Vermilion lake. Growing fifteen 
feet high. B 334, St. Louis river. (Determined by Bebb.) 

Salix ?— B 365, Mud river. 

orchIdace.w. 

i;orallorliiza inuata K. Br.— B 89, B 247, Vermilion lake. 

Corallorhiza niultiflora Nutt.— A 48, Vermilion lake. 

Goodyera repens R. Br.— H 29, B 177, Vermilion lake. B 304, St. 
Louis river. B 373, Mud lake. 

Habenaria dilatata Or.- B 290, B 324, St. Louis river. 

Habenaria hookeri Torr. — B 194, Vermilion lake. 

Habenaria hyperborea R. Br.— A 18, B 43, Vermilion lake. B 384, 
Mud lake. 

Habenaria obtusata Rich.— A 160, Vermilion lake. B 380, Mud lake. 

Habenaria orbiculata Torr.— U 31, Vermilion lake. B 377, Mud 
lake. B 560, St. Louis river. 

Habenaria psycodes Gr. — B 429, Fall lake. 

Orchis rotundifolia Pursh.— B 433, Basswood lake. 

Spiranthes cemua Rich. — B 354, Mud river. B 444, Long lake. B 
559, Vermilion lake. 

Spiranthes grracilis Bigel.— B 15, B 181, Vermilion lake. 

IBIDACK^. 

Iris versicolor L.— B 220, Vermilion lake. 

Sisyrinchium mucronatum Michx.— B 435, Basswood lake. B 493 
Agate bay. 
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LII.IACK.K. 

Cliiitoiiia borealis Kaf.— A 46, B 130, Vermilion lake. 
Liliuin pliilaclelpliiciiiii L.— R :^6, Mud lake. 
Maiauthoiiiuin eaiiadeuse l)e»f. — B 24(i Venuiliou lake. 
Siiiilaeiua trifolia I)*sf.— B 2H9, 8t. l^uis river. 
Streptopus roseus Miclix. — B 20h, Veniiiliou lake. 
Trilliiini erectuiii L., var. cleeliiuituiii C4r.— A 103, B 231, Ver^ 
mi lion lake. 
Uviilaria g-raiicliflora Smith. — B 223, Vennilion lake. 

I 

JUXCACK-K. 

JiiucuM articulatiis L. — B 322, St. I^uis river. B 374, Mud lake. B 
483, Agat<* bay. 
JuiicuK eaiiaclensis J. (iay. — B27(>. Vermilion lake. 
tJiuiOllH effklsilH L. — B 520, Agiite bay. 
Jiinciis filifonnis L.— B 17, Vermilion lake. 
fJuilCUS pclo<*arpils E. Meyer. — B 438, Basswood lake. 
Junciis HtygrillH L.— B 314, St. r^mi« river. Rare. * 
fjuiioiis tenuiH Willd.— B 125, Vermilion lake. 

JuiiOUS ? — B 408, B 48(J, Agate bay. 

Luzilla pilosa Willd.— B 383, B 401, Mud lake. 

TYPHACE.K. 

Spar^aiiiiiiii Hiniplex Iluds., var. fliiitans (fr.—B 85, Vermilion lake. 
8par{>raiiiiiin Niiiiplcx Iluds., var. uuttallii Or.; nearly. — B 179, 
Vermilion lake. 

ARACK.K. 

Acorns ealaiiius L. — B 50, Vermilion lake. 
Arisiviiia tripliyiluiii Torr. — A 150, Vermilion lake. 
Calla pallistris L.— B 98, Vermilion lake. 

ALISMACE.K. ' » 

Sa^ittaria heteropliylla rursli.—B 542, Long lake. (Determined by 
Wafson. ) 
Sa}>rittaria variabilis Kng. — B 151, Vermilion Uike. Lkmivcs floating. 
Sagittaria variabilis Kng , vai; aiig^iistlfolia £ng.— B151, Vermilion 

lake. 

N'ATADACE.F.. 

Naias flcxilis K. i^ S.— B 389, Mud lake. 

INitaiiio^oton c^laytoiili Tuck.— B 410, Bumtside lake. B 640, B 546, 
B 5.50, Lonf^ lak<*. (L)etermiue<l liy Morontj.) 

I^otaiiio^'etoii g'raiiiiiieiis L. — B 46, Vermilion lake. (Detemiined 
by Morouff.) 

I\>taino^ctc»ii ^rainineus 1^., var. inaxinnis Monmg. — B 69, Ver- 
milion lake. B 403 in i^irt. Bumteide lake. (DetermintMl by Morong.) 

Potaiuogrotou irraiiiineus L., var. elou^atus Morong.— B 447, 
B 448, B 449, Lonj^ lake. (Detennined by Morong.) 
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Potamogreton iniicronatufl Schrad. — B 369, Mud river. A slender 
form. (Determined by Marang. ) 

Potamogreton natans L. — B 86, Vdrmilion lake. B 391, Mud lake. 
(Determined by Morong,) 

Potamogeton obtusifollus M. & K.— B 155, Vermilion lake. (De- 
termined by Morong.) 

Potamog'eton pectinatiis L. — B 124, Vermilion lake. (Determined 
by Morong.) 

Potamogreton perfoliatus L., var. lanceolatus Rob.— B 47, B 149, 
Vermilion lake. (Determined by Morong.) 

Potamog'eton prselongus Waif. — B 404, Bamt«ide lake. ( Determined 
by Morong.) / 

Potamogeton pusillus L. (?) — B 394, Mud lake. (Determined by 
Morong. ) 

Potamogetoii piisillus I^., var teuulssimus M. & K.— B 538, Long 
lake. (Determined by Morong.) 

Potamogeton robbinKii Cakes.— B 393, Mad lake. B 442, Fall lake. 
The latter in frnit ! (Determined by Morong. ) 

Potamogreton rufeHCCiis Schrad.— B 402, Burntside lake. B 551, Mad 
lake. (Determined by Morong.) 

Potamogretou spirilliis Tack.— B 414, B 539, Long lake. (Determined 
by Morong. ) 

Potamogreton zosterifolius Schum.— B 403 in part, Burntside lake. 
B 545, Jjong lake. (Determined J[)y Morong.) 

Scheuchzeria paliistris L.— B 305, St. IjovlIh river. 

Tiigrlochin luaritiiiiiim L.— B 326, St. Louis river. 

EBIOCAULOXACE.IC. 

£riocaulon septangrulare With.— B 536, Burntside lake. 

CYPEBACBiE. 

Garex adusta Boott. — B7, Vermilion lake. B 283, St. Louis river. B 
.558, Ix)ng hike. B 464, B 526, B 531, Agate bay. 

Garex aquatilis Wahl. — B 145, Vermilion lake. 

Garex arctata Boott.— B 211, Vermilion lake. B 556, Mud lake. 

Garex arctata x flexilis Bailey. — B 554, B 555, Long lake. See Bot. 
Oazette^ voL XI, 1886, p. 328, for a description and illustration of this hybrid. 

Garex arctata x llexilia or arctata x vagrinata.— B 375, Mud 
lake. 

Garex aiirea Nutt.— H 30, Vermilion lake. 

Garex biixbaiiiuii Wahl.— B 471, Agate bay. 

Garex canescens L., var. polyHtachya Boott. — B 74, B 100, Ver- 
milion lake. 

Garex criiiita Lam. — B 107, Vermilion lake. 
. Garex deweyana S<!hw.— B 37, Vermilion lake. 

Garex echinata Murr., var. niicrostachys B.— B 482, Agate bay. 

Garex filiformis L.— B 200, Vermilion lake. 

Garex flexilis Rudge.— B 557, Long lake. 
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Carex hougrhtonil Torr.— B206, Vermtlion lake. Abundant. B 508, 

Agate bay. 

Carex intuinesceiis Kadge.— -B 68, Vermilion lake. 

Carex laxiflora Lam., var. intermedia Boott. — B 116, Vermilion 
lake. B 'Siio , St. Loai^ river. 

Carex leiiticularis Micbx. — B 406, Bumteide lake; in water. B 46& 
Agate bay. 

Carex limosa L. — B 294, St. Ix)uis river. 

Carex luagrellaiiica Lam. — B 90, Vermilion lake. B 298, St. Tx>nis 
river. 

Carex moiiile Tuck. — B 274, St. Louis river. B 423, Fall lake. 

Carex paucifiora Lightf. — B 203, Vermilion lake. 

Carex pingcuis Bailey fa. tip.), (C. ndusta Boott, var. ^lom^roto Bailey. ) 
I collected this sedge in quantity in several places, and observed its habits. It 
appears to be specitically distinct from C. adimta. From that species it diffen 
in its stiff culm, dense broad head of which some spikes, or at least the lowest 
one, are subtended by a short and very broad-based, nerved and pointed bract, 
and very plump perigynium which is nearly filled by the aehenium, flat or con- 
vex and nerveless or very nearly so on the inner fac«, wingless or slightly mar- 
gined above. It grows in dense tutls in dry soil. Slender and Immature speci- 
mens strongly resemble C. aduntn^ but they are always readily distingaished by 
the perig>'nium. — B 6, Vermilion Like. B 325, St. Louis river. B 530, Agate 
bay. 

Carex poly trichoides Muhl. — B 29, Yermilion lake. B 316, St Louis 

river. 

Carex retrorsa Schw. — B 67, B 101, Vermilion lake. 

Carex ro.strata With.— B 144, Vermilion hike. 

Carex roHtrata With., var. utrieulata Bailey.— B 112, Vermilion 
lake. 

Carex sociparia S<'hk.— B 8, B 60, Vermilion hike; the latter a conglom- 
erate form. B 301, St. 1-K)uis river. B 466, B 492, Agate bay; a small form. 

Carex stipata Muhl.— B 521, Agate bay. 

Carex »tniiuiiiea Schk., var. luirabilis Tuck. ; nearly.— B 41, Vei 
milion lake. 

Carex tenella Schk.— B 30, Vennilion lake. 

Carex teiiiii flora Wahl.— B 281. St. Ix>ui8 river. Slender Ibnn. 

Carex tribiiloideH Wahl.. var. eristata Bailey.— B 259, Vermilioi 
lake. 

Carex tribiiloideH Wahl., var. rediiota Bailey,— B 35, B 92, B 184^^ 
Vemiilion lake. B 418, Txmg lake; not quite typicaL B 525, Agate bay. 

Carex tribuloide.s Wahl.. hotween vara. cTi.*<tiita and reductii.— B 270 
Vemiilion lake. 

Carex trisperiiia Dew.— H J)l, Vemiilion lake. 

C^arex tuc*keriiiaiii Boott.— B 104, Vormilion lake. 

Carex vatrinata Tausch.— B 35*2, Mud river. B 543, Long hike. 

Kleocliaris m^ioularis R. Br.— B 150. Vermilion hike. 

KleoeliariN paliLstris R. Br.— B 10, Vermilion lake. B 635, Long y ^ 

Eleoebaris py^iiia^a Torr.— B 149, Vermilion lake, 

Eriophoruiii polystacliyon L.— B 202, Vermilion Uke. 

RhyneliOHpora alba Vahl.— B 319, St. Ix>uis river. 
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ScirpHS ctespitosus L. — B 467, Agate bay. Growing in crevices of 
rocks. 
ScirpuH eriophoriini Michx. — B 164, Vermilion lake. 
Scirpus fluviatilis Gr.— B 21, Vermilion lake. 
Scirpiis lacustris L. — B 219, Vermilion lake. 
ScirpuH subterminalis Torr. — B 412, Bumtside lake. 

GRAMINE.fi. 

The grasses determinei by Dr. W. J. Beal. 

Agrropyruui caiiiniiin R. &S. — B 4% Vermilion lake. 
AgropsnTuni repens L. — B 511, Agute bay. 
Ag^ropyriini violaceuin Jjange. — B 494, Agate bay. 
A^ostis alba L. — B 127, Vermilion lake. 
A^Ofttis scabra Willd. — B 129, Vermilion lake. 
Bracliyelytriiin arlstatum P. B.— B 397, Mud lake. 
Bromus ciliatilH L. — B 5, Vermilion lake. 
Cinna pendula Trin.— B 323, 8t. Louis river. 
Deschampsia cnespitciHa P. B.— -B 424, Fall lake. 
Deyeiixia canadensis Hook — B 10, B 256, Vermilion lake. B 529, 
-^^te bay. 

X>eyeuxia langr^dorffi Kuuth.— -B 519, Agate bay. 
Gatonia pennsylvanica Gr. — B 32, Vermilion lake. 
■EUymiiM virgriniciis L. — B 265, St. Louis river. 
^estiica ovina L.— B 450, Mud lake. 
^estuca ovina L., var. — B 489, Agate bay. 
Crlyceria arundinacea Kuntb. — B 97, B 263, Vermilion lake. 
C^lyceria canadensis Trin.— B 264, B 273, Vermilion lake. 
C^lyceria fluitans R. Br.— B 20, Vennilian lake. 
CaHyceria nervata Trin.— B 103, Vermilion lake. B M9, Mud river. 
^Elierochloa borealis R. & B.— B 451, Long lake. 
^Klordeuin jiibatuin L.— B 128, Vermilion lake. 
ICMiilileiibergria mexicana Trin.—B 422, Long lake. 
^^^lialaris arundinacea L.— B 446, Mud river. 
■^^JuUaris canarienHtu L. — B 528, Two Harbors; in the town. 
•^f^Meum prtUense L. — B 292, St. lx>uis river. Scattered from the railroad. 
•oa- c«esia Sm., var. strictior Gr. — B 469, B514, Agate bay. 
*aar compressa L. — B 527, Agate bay. 
*oa laevis Vasey. — B 439, Bass wood lake. 

*<>» nemoralis L. — B 183, Vermilion lake. Along a trail in woods. 
-26, Fall lake. B 434, Basswood lake. 
U>a pratensis L.— B 488, Agate bay. Tall and slender form. 
*OB, serotina Ehrh.— B 510, Agate bay. 
'risetum subspicatuni P. B., var. molle Gr.— B 490, Agate bay. 

COXIFER.F.. 

^^^uniperus communis L.— B 411, Bumtside lake. 
icea nig^ra Link. — B 171, Vermilion lake. 
lUS resinosa Ait. -r-B 96, Vermilion lake. 
LU8 Strobus L. — B 240, Vermilion lake. 
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Taxiis baccata L.. var. canadensis Gr. — B 165, Vermilion lake. 
Thuya occidentnlis L. — B as, B 133, Vermilion lake. B 381, Mnd 
lake ; seedling?. 

PTEBIDOPHYTA. 

ISOETiK. 

Isoetes echinospora Durieu, var. braunii Engelm. — B 81, Vermil- 
ion lake. Submerged on stones. B 413, I^ngLike. (Determined by WaUon.) 

HELAGINELLEJC. 

Sclag'iiiella riipestriH Spring. — A 171, Duluth. On roeks. B 447, 
Mnd lake. 

LYCOP0DIACE.E. 

Lyeopodiuiii annotliiuni L. — A 162, Venmlion lake. B 311, St. Louis 
river. 

Lyeopodliini annotiniini L., var. pungceus DesT. — B 135, Vermil- 
ion lake. 

Lyeopodiuni clavatiini L. — A 31, A 98, Vermilion lake. 

Lyoopodium coniplaiiatiini L. —A 99, Vermilion lake. 

Lycopodium dciidroideiiin Miohx. — A 4(), Vermilion lake. 

Liyeopodium liicidiiliini Michx. — B 309, St. Lonis river. 

OPH KKiLOSSACE.!;:. 

Botrycliiuui virginianum Swz. — B 38, Vermilion lake. 

FILICES. 

Aspidiiun eristatiim Swz.— A 155, Vermilion lake. B 353, Mud 
river. 

Aspidiiini frag^rans Swz. — B 430, Basswood lake. Growing on rocks. 

Aspidiuin spinulosuni Swz. — B 106, Vermilion lake. B 432, Baas- 
wood lake. B 440, Fall lake. 

Aspidium spiniiloMUin Swz., var. IntenncdUun Eaton.— B 258, 
Vermilion lake. 

Aspleniuni fllix-foeniina Bcmh.— A 152, A 163, Vermilion lake. B 
339, St. Louis river. B 396, Mud lake. B 553, Fall lake ; an aberrant form. 
(The last determined by Eaton. ) 

On(»clea seiisibilis L. — A 154, Vermilion lake. 

Ouoelea struthiopteris Hoffm. — A 165, Vermilion lake. 

Osniiinda claytoniaiia L.— B 175, Vermilion lake. 

Osinimda regalis L. — B 3;w, St. Louis river. 

Phcgropteris dryoptoris Fee.— A 32, Vermilion lake. B 398, Mud 
lake. 

Phegopteris polypodioide^ Fee.— B 20f). Vermilion lake. B 436, 
Basswood lake. B 504, Agate buy. 

Polypodilini vulgare L. — B 176, Vermilion lake. 

Pteris aquilina L. — B 215, Vennilion lake. 

Woodsia ilvensis R. Br.— A 151, Duluth. B 452, Ix)ng lake. B 476, 
B 484, Agate bay. 
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SQUISETACEJE. 

£qaisetnin arvense L. — B 172, B 262, Vermilion lake. CJommon ; the 
latter is the var. serotinum Mejer. 
Bquisetiim limosum L. — B 139, Vermilion lake. 
XSquisetuni sylvaticum L. — B 28, B 261, Vermilion lake. Common. 

BRTOPHYTA. 

The mosses determined by Dr. Charles R. Barnes, the liverworts by Dr. 
Lncian M. Underwood. 

SPHAONACE^. 

Sphagrnuin acutifolium Ehrh.— A 11, A 33, A 59, A 61, A 60, Ver- 
milion lake. The last is near var. fu9cum Schimper. 
Sphagrniim cyiiibifoliiim Ehrh. — A 13, Vermilion lake. 
Sphagnum sqiiarroHuni Pers.— A 12, A 36, Vermilion lake. 

BBYACE^ 

Atrieliuni undulatuni Beauv. — A 96, Vermilion lake. Not common. 

Aulaconiniiini paliistre Schwag. — B 25, Vermilion lake. 

Bryiuii argrenteiini L.— B 500, Agate bay, 

BryumbinuimSchnb.— A r>inpart (?), B 23 (?), Vermilion lake. B 
427, Fall lake. 

Bryiini iiitcrme<liiiiii Brid. — A 2, Vermilion lake. 

Ceratodoii piirpiireiis Brid. — B 80, Vermilion lake, B 499, Agate bay. 

Ciiniaciiim deudroidew W. & M. — A 21, Vermilion lake. 

Dioraniim druniiiiondii Muller. — B 24, Vermilion lake. 

Dieranuiu flageliare Hedw. — A 95, Vermilion lake. 

Dieranuiu scopariiim Hedw.— B 346, St. Louis river. 

Dieraniuii undiilatum Tarn. — A 102, Vermilion lake. B 306, St. Ix>uis 
river. 

Foutinalis lesciiHi Snll., var. gracilescenfl Bull. —A 30, B 82, Ver- 
milion lake. 

Funaria hygroinetrica Sibth.— B 121, Vermilion hike. A 146, B 343, 
St. Lonis river. 

Hypiuim erista-castrciisiM L.— A 91, Vermilion lake. A 128, B 313, 
St. Lonis river. 

Iieptobr^'Uiii pyritbniio Schimp.— B 26, Vermilion lake. A 147 in 
part, B 342, St. I^uis river. 

I«euc»obryiini vulgrare Hampe.— A 127, St. Louis river. 

Muiiim affiiie Bland.— B 372, Mud lake. 

Mniiim ciiiolidioides Hub.— A 3, Vermilion lake. This species has 
not been heretofore reoonled an occurring outside of New England. 

Mniiiiu eiispidatuni Hedw. — A 113, A 116, Vermilion lake. 

Mniiim punctatum Hedw.— A 177, Vermilion lake. 

Mnium serratiim Laich.— A 5 in part, Vermilion lake. 

Xeckera oli^ooari>tt Br. & Schr.— A :«, Vermilion lake. BeautiAil 

fruiting specimens of this rather rare species, which is recorded only from the 

White mountains, Colorado and New Mexico. The plants form numerous 

shelf-like projections from the tree trunks. 
4 
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Orthotrichuni strangriilatuiu Beanv.— A8, A 117, Vermilion lake. 
The first is a Ibnn in which the capsule is not strangulate or ribbed when diy; 
otherwise identical with A 117, which is typical. 

Philonotis fontaua Brid.— B 497, B 498 (male), Agate bay. 

Polytrichum commune L. — A 81, A 129, Vermilion lake. The lat- 
ter varies from the type. 

Polytrichum juniperinum Willd.— B 345 in part, St. Louis riTer. 

Pol>iirichum piliferum Schreb.— A 143, Dulnth. On exposed rocks. 

Pylaisaea intricata Br. & Schr.— A 39, Vermilion lake. 

Tetraphis pellucida Hedw.— A 178, A 179, Vermilion lake. 

Webera nutans Hedw. — A 16, Vermilion lake. 

MABCHANTIACKJS. 

Conoi;ephalu8 coiiicus Dnm. — A 100, Vermilion lake. Sterile. 
Marchantia polymorpha L. — A 69, B 113. Vermilion lake. Very 
common. 

JUNGERMAXIAt'EJ':. 

Blepharostoina tri€*liop1iylla Dnm. — A 126 in psirt. St. Louis 
river. 

Blepliarozia ciliaris Dum. — A 70, Vermilion lake. 

FruUania eboracensis Got — A 29, A 44, Vermilion lake. 

Junfirermania inflata Huds. — A 126 in part, St. l^uis river. On 
rotten logs. 

Jiingemiania sobraderi Mait. — A 126 in jmrt. St. I^uis river. 

Madotheca platypliylla Dum. — A 114, Vermilion lake. On tree 
trunks. 

Pellia epipbylla Nees. — A 175, Vermilion lake. Sterile. 

CARPOPHYTA. 

HYMEXOMVC'ETP>«. 

Agaricus (Amimitii) niUHcarius L. — A 135, Vermilion lake. (Deter- 
mined by Peck. ) 

Agraricus (CoUybia) eoiifluens Pers. — A 74, A 195, Vermilion lake. 
(Determined by Peck.) 

Agraricus (InocylK') eutlieles B. & Br. — A la's, Vermilion lake. 
(Detcrminecl by Perk.) 

Ajararicus (Omphalia) eaiiipanella Batsch. — A 55, A 75, A 173, Vei> 
milion lake. (Det<irminod by Peck.) 

Afifaricus (Omphalia) gfracillimus Weihm. — A 194, Vermilion lake. 
(Detennined l)y Peck. ) 

Agraricus (Pholiotii) 8quarr<»sus Mull. (?) — A 140, Vermilion lake. 
Not mature. (Determinetl by Perk.) 

Ag-aricu8 (Plenrotus) sapidus Kalehb. — A 110, Vermilion lake. A 
very Bmall specimen. (Determined by Peek.) 

Afirarlcus (Pluteus) cervinus Schceff. — A 150, Vermilion lake. (Detei^ 
mined by Peck.) 

A^arieuM (Pluten.s) nanus Pers. — A 111, A 119, Vermilion lake. De- 
termined by Peck. ) 
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Boletus anieiicanus Peck, ined. — A. 182, Vermilion lake. ^^This has 
Kenerally been referred to B.flavidus Fr., but my more recent investigations 
lead me to believe it is distinct.*' — Chaa. H. Peck, 

Boletus granulatus L. — A. 125, Vermilion lake. (Determined by. 
Peck,) 

Boletus scaber Fr. — A 139, Vermilion lake. (Determined by Peck.) 

Boletus scaber Fr., var. mutabilis Peck, ined,— A 120, Vermilion, 
lake. '* The change of color in the flesh on exposure to the air leads me to sep> 
arate this as a variety; I detect no other essential diflference." — Chas, H, Peck, 

Oantbarellus cibarius Fr. — A 108, Vermilion lake. (Determined by 
Peck,) 

Clavaria flaccida Fr. — H 82, Vermilion lake. On rotten logs. (Deter- 
mined by EUis. ) 

Clavaria ligrula Schaff.— B 37:^, Mud lake. (Determined by Ellis,) 

Cortioium amorphum (Pers.) Wint. (Aleurodiscu* amorphic Kabh.) 
— H 180, St. Louis river. On tamarack. (Determined by EJlit*,) 

Corticiiim corrugatum Fr. (Hpmenochaete eorrugaia Berk.) — H 158, 
Vermilion lake. 

Corticium epichloriuni B. & C. — H 155, Vermilion lake. (Deter- 
mined by Ellis & Cooke.) 

Corticium i>ri£rauteum Fr. — H 175, Vermilion lake. On tamarack. 

Corticiuiu ochroleiicium Fr., var. spumeum B. A R.— H 138, Ver- 
milion lake. On logs. 

Corticium salicinum Fr. — U 42, Vermilion lake. On Salix discolor. 

Cyphella fulva B. & Ruv.— H 226, Vermilion lake. On dead limbs of 
Alnus. 

Dsedalea uuicolor Fr.— H 201, Vermilion lake. 

Favolus europneus Fr. — H 142, Vermilion lake. 

GlBBOporus coiichoides Mont. — H 257, Vermilion lake. On logs. 

Hygropboriis cautbarellus Sehw. — A 7,3, Vermilion lake. (Deter- 
mined by Peck.) 

Hydnuui adustum Sehw.— H 263, Vennilion lake. (Determined by 
Ellis. ) 

Hyduum auriscalpium L. — H 196, St. Louis river. In swamps. (De-r 
temiined by EUis. ) 

Hydnum caryophyliciim B. & C— H 252, Vermilion lake. On poplar 
log. 

Hyduum icrrugriiiosum Fr. — H 87, Vermilion lake. On rotten log. 
(Determined by Ellis.) 

Hyduum membrauaceuui Bull.— H 184, Vermilion lake. 

Irpex tulipifera Schw.— H 239, Vermilion lake. 

Lactarius pyrog'alus Fr. (?)— A 107, Vermilion lake. No note was 
made at the time of collection oi'the presence or absence of a milky juice, which 
necessarily leaves some doubt about the <letermination. (Determined by Peck,) 

Iieiitiuu.s betiilina Fr. — U 132, Vermilion lake. On stumps. 
* Lentinus Iccoutei Fr.— H 106. Vermilion lake. On logs. 

LentinuH lepideus Fr. — A 53, Vermilion lake. (Determined by PecA;.) 

Lentinus strigosiis Schw.— A 106, A 124, Vermilion lake. (Deter- 
mined by Peck.) 

Lenzites sai^piaria Fr.— H 80, Vennilion lake. On dead Abies alba. 
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log of Ahics. (Detonniiied bj ElUs, ) 

Martisinius ? — H 65, Vermilion lake. In swamps. Appean to 

be unde9tTibed^y?/i« Ellis, but the material too scant for description. 

Meriilius aureus Fr. — H 204, Vermilion lake. On old log. 

Odoiitia fimbriata Pers.— H U7, Vermilion lake. On fiOlen limbs. 

Panu8 laevis B. & C— A 141, Vermilion lake. , (Determined hy Pwk.) 

Phlebia luerismoideH Fr. — H 249, Vermilion lake. On logs. (Deter- 
mined by EUin.) 

Phlebia spiloinea B & C. — H 104, H 250, Vermilion lake. On Popnlus 
tremuloidcH. 

Polyporus abietinus Fr. — H 79, Vermilion lake. Resnpinate form. 
On log of fir. (Determined by EUis.) 

Polyporus applanatus Fr. — H 238, Vermilion lake. On logs. 

Poly porus cariieus Nees. — H 172, Vermilion lake. On logs ; common. 
(Determined by EUia. ) 

PolyiNirus oonchatus Fr. — H 211, Vermilion lake. On logs. 

Polyporus foinentarius Fr. — H 255, Vermilion lake. On birch. 

PolyporuH igrniariuH Fr. — H 237, Vermilion lake. On birch. 

Polyporus loricatiis Pcrs., var. — H221, Vermilion lake. 

Polyporus iiiticlus Fr. — H 203, Verniilion lake. 

Polyporus pereunis Fr. — H 66, Vermilion lake. On the ground. 

Polyporus perg^amenus Fr. — H IKi, St. Lonis river. On birch. 

Polyiiorus picipes Fr.— H 220, Vermilion lake. On logs. 

Polyporus piuacola Fr. — H 91, Vermilion lake. On pine logps. (De- — 

termined by EIUh,) 

Polyporus schweliiizli Fr. — A 138, St. Louis river. (Determined by '^ 

Peck.) 

Polyporus scutellatus Schw. — H 219, Vermilion lake. On Alnus. 

Polyporus spissus Fr. — H 145, Vermilion lake. On birch. (Deter- " 

mine<l by Ellis. ) 

Polyporus subspadiceus Fr. — H 246, Vermilion lake. 

Polji^orus vaporarius Fr. — H 154, Vermilion lake. On rotten limbs. — ^ 

(Determined by Ellis, ) 

Pol>i>orus variiis Fr.— H 24, 11 222, Vermilion lake. On fiiUen logi 
and limbs. 

Polyporus velutiuus Fr. — H 161, Vermilion lake. On fallen limbs. 

Polyporus violaeeus Fr.— H 234, Vermilion lake. On fir. (Deter- 
mined by Ellin.) 

Polyporus vulgaris Fr. — U 70, H 253, Vermilion lake. On dead Abies. 
(Determined by Ellis.) 

Russula fra{>rilis Fr.— A 183, Venuilion lake. (Determined by P^dt,) 

Sohizophylluin commune Fr. — H 69, Vermilion lake. On old stumps. 

Solenia poria^foriuls (Pers.) Wint. (Peziza pmniaia fkiiw,) — H 254, 
Vermilion lake. On rotten log. (Detennined by Ellis.) 

Sterc^um radiatum Pk.— H 240, Vermilion lake. (Determined by JSTZKs.^ 

Stereinu ru^osuiii Fr.— II 197, Vermilion lake. On birch. 
St4*reuni spadioeuiii Fr. — II 218, Vermilion lake. (Determined b^ 
EUiH. ) 
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Trainete8 cinuabarina (Jocq.) Wint. (Polgporm einnabarinua Fr.) 
— H 117, Vermilion lake. A 189, Agate bay. 

Trametes sephiiu Bk. — H 72, Yermilion lake. 

Trogria crispa Fr. — H 140, Vermilion lake. On dead Betnla papyracea. 

Typhiila niiiscieola Fr. — H 23r>, Vermilion lake. On moss. (Deter- 
mined by EUiH.) 

TBEMELLIXEJi:. • 

Exidia {>rlan<liilosa Fr. — H 43, Vermilion lake. On Salix discolor. 
Himeola aurieiila-judte Berk. — H 185. Vermilion lake. On dead 
limbs. 
Treiiiella ineseiiterioa Fr. — H 190, St. Louis river. On tamarack. 

OA8TKK0MYCETE8. 

Geaster triplex Jongh. — A 142, Vermilion lake. ( Determined by Peck ) 
Lycoperdon pyrifoniie Schoetf. — A 104, A 136, A 193, Vermilion lake. 

On the ground in woods. ( Detennined by Trelease. ) 

Lycoperdon wrightii B, &C. (?) — A 144, Vennil ion lake. An immature 

specimen, growing on a rotten log. ( Determined by Trdease,) 

rSTILAOINE-«. 

Entyloma compoHitariim Farl. — H 243, Vermilion lake. On Lactuca 
canadensis. 

UREDINE^. 

Coleosporiiim sonchi-arvensis (Pers.) Lev.— H 83, H 102, H 165, 
H 251, Vermilion lake. 11. On Aster, the first on A. umbellatus, and the second 
on A. corymbosus. 

Melaiiipsora epilobli (Pers.) Wint. — H 49, H 89, Vermilion lake. II. 
On Epilobium palustre, var. lineare, and £. coloratum. H 35, Duluth. II. On 
£. coloratum. 

MelampHora popiilina (Jacq.) Wint — H 198, Vermilion lake. II. C>n 
Populus tremuloides. 

Melaiupsora salicis-capreae (Pers.) Wint. — H 101, Vermilion lake. 
11. On Salix discolor. II 166, St. Louis river. II. On Salix myrtilloides. 

Phragriiiidium nibi-idsei (Peis.) Wint.— H 205, Vermilion lake. II. 
& III. On Kubus strigosus. 

Phragmidium subcortlciiim (Schrank.) Wint.— H 247, Vermilion 
lake. III. On Rosa acicularis. H 187, Vermilion lake. II. & III. On Rosa sayi. 
H 3, St. Louis river. TI. On Rosa . 

Puc'cinia asteriH Duby. — H 37, Duluth. On Aster macrophyllus. H 
273, Agate bay. On Aster . 

Puceiula calthie Lk. — H 96, Vermilion lake. II. On Caltha palustris. 

Puceinia carlcis (Schum.) Reb. — H 162, St lx)uis river. III. On 
Carex adusta. H 217, Vermilion lake. II. & III. On C. intumescens. 

Puceinia eirca*te Pers. — H 214, Vermilion lake. On Cinwa alpina. 

Puceinia iiosculosoruin (A. & 8.) Roehl.— H 270, Agate bay. On 
Hieracium canadense. 

Puceinia gralii (Pers.) Wint. — II 94, Vermilion lake. On Galium asprell- 
am. 
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Piicciiiia grossiilariae (Gm.) Wiut.— H 213, Vermilion lake. On Rlbes 

nibrum. 

Piiecinia haleiiine Arthur & Holway (n. «p.). III. Sori irr^guhiTly con- 
fluent in indefinite groups on the stemB and upper surface of the leaves, black, 
polished, solid, minutely papillose, remaining covexed by the epidennia or 
sometimes tardily naked; teleutospores linear or cuneate-linear, smooth, brown 
with darker apex, 42-52 by 8-9 mu., epispore thin, apex squarely or obliquely 
truncate, or irregularly blunt, little or not at all thickened, pedicel very short, 
colored. — H 100, Vermilion lake. On Ualenia deflexa. 

To the unaided eye this bears more resemblance to some pyrenomyoetons 
fungi than to the rusts. 

Piicciuia niaydls Carr.— H 136, Vermilion lake. II. On Zea mays. 

Piieeinia luenthae Pers.— H 236, Vermilion hike. II. On Mentha 
canadensis. 

Pueclnia luesomegrala B. & C— H IH, Vermilion lake. On Clintonia 
borealis. 

Pucciuia uardoMinii E. & E.— H232, Vermilion lake. On Petasites 
palmata. 

Puecinia omata Arthur & Holway (n. «p.) III. Sori hypophyllous, 
papilliform, prominent, circinately clustered on bright reddish-purple spots 
5-10 mm. in diameter, often forming a wart-like cluster at the centre, chocolate- 
brown; tcleutospores elongated oval or oblong, smooth, uniformly brown, 
somewhat constricted at the septum, 33-50 by 15-22 mu, epispore rather thin, 
apex obtuse or rounded, slightly or not at all thickened, base rounded or some- 
what narroweii, pedicel thick, slightly colored, once to twice the length of the 
spore. — H 223, Vermilion lake. On Rumex britannica L. (£. orbicttimius 
Gray.) 

This belongs to the section Leptopuccinia; the germinating spores give a 
whitened or moldy appearance to the central sori of each cluster. 

Puecinia phragrniitis (Schum.) Kom.— H 137, Vermilion lake. II. & 
III. On Phragmites communis. 

Piicoiniapolygroiii-aniphibii Pers.— H. 48, H.50, Vermilion lake. On 
Polygonum muhlenbergii. 

Piioeiiiia porphyrogenita Curt. — H 108, Vermilion lake. On Cor- 
nus canadensis. 

Puecinia tanaceti DC— H 133, Vermilion lake. IL On Helian- 
thus giganteus. 

Pueeinia tiarellae B. &C.— H 62. Vermilion lake. On Mitella nnda. 

Pueeiiiia tomipara Trel— H 12, Vermilion lake. II. On Bromos 
ciliatus. 

Puecinia viola; (Schum.) Wiut.— H 131, Vermilion lake. II. & III. 
On Viola blanda. 

Triphragrniiuni clavelloHUUi Berk.— H 17, Vermilion lake. On 
Anilia nudicaulis. 

Uroniyces orobi (Pers.) Wint.— II 25, Vermilion lake. II. On Vicia 
iimericana. 

Uroniyces polygroui (Pere.) Fckl.— H 5. H 113, H 116, Vermilion lake. 
II. & III. On Polygonum avioulare. 

Uroniyces trifolii (A. &S.) Wint.—H 34, Duluth. I. & II. On Trifol- 
ium repons. 
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Isolated imperfect formn. 

JEiddiiun coiiipositariiiii Mart. — H 141, Vermilion lake. On Solidago. 
^cidiiim lycopi Ger. — H 216, Vermilion lake. On Lyeopus virginicus. 
^cidiuiu porosuni Pk. — H 14, Vermilion lake. On Vicia americana. 

^cidiuiu ranuiiciilaceariiiu DC. — H 212, Vermilion lake. On 

« 

Ranancnlns abortivus. 

^cidiiini thalictri Grev.— H 210, Vermilion lake. On Thalictrum pur- 
pnrascens. 

Caeonia agn^inionise Schw.— H 209, Vermilion lake. On Agrimonia eu- 
patoria. 

Perideriuiuiu abietiiiiiui (A. & 8.) Thum., var. deeolorans Thum. 
— H 93, Vermilion lake. On Picea nigra. 

Perideriniuiii balsauieuui Pk. — H 208, Vermilion lake. On Abies 
balsamea. 

Uredo pyrolae (Gm.) Wint.— H 27, Vermi'ion lake. On Pyrola seeunda. 

LICHKNES. 

Determined by Mr. Henry Willey, except Nos. B 24a, B 39, B 40, and B 195, 
which were determined by Prof. F. Le Roy Sargent. 

Alectoria jubata (L.) Tnck. — A 168, St. Louis river. 

Buellia paraseiua (Aoh.) Kbr. — A 87, Vermilion lake. On birch. 

Cetraria lacunosa Ach. — A 181, Vermilion lake. 

Cladonia cristatella Tnck.-— A 123, Vermilion lake. 

Cladonia grracilis (L.) Nyl., var. elong^ata Fr.— A 122, Vermilion 
lake. 

Cladonia gri'aoilis (L.) Nyl., var. verticillata Fr.— A 17, A 19, B 40, 
Vermilion lake. 

Cladonia rangriferina (L.) Hoffm.— B 24a, A 121, Vermilion lake. 

Collema cjrrtaspis Tnck. — A 45, Vermilion lake. On standing tree 
trunks. 

Collema nigrescens (Huds.) Ach.— A 27, A 97, Vermilion lake. 

Eudocarpon niiniatum (L.) Schr., var. aquaticuni Sehr.— A 132, 
St. Louis river. On partially submerged rocks. 

£vemia prunaHtri (L.) Ach. — A 116, Vermilion lake. 

Graphis scripta (L.) Ach. — A 39, A 169, Vermilion lake. 

Liecanora subfusca (L. ) Ach., var. distans Ach. — A 79, Vermilion 
lake. 

Lecidea enteroleuca Ach. —A 23, A 170, Vermilion lake. 

Leptogriuni myochroum (Ehr., Schar.) Tuck., var. satuniiiiui 
Schar. — A 37, Vermilion lake. On dead tree trunks. 

Parmelia caperata (L.) Ach. — A 25, Vermilion lake. 

Parmelia olivacea (L.)Ach. — A 80, Vermilion lake. 

Parmelia physodes (L.) Ach. — A 28, Vermilion lake. 

Parmelia tiliacea (Hoflfin.) Flk.— A 26, Vermilion lake. 

Peltigera aphthosa (L.) Hoflftn.- B39, Vermilion lake. (Determined 
by Sargent. ) 

Peltigrera oanina (L.) Hoflfin. — A 6, Vermilion lake. On the ground. 

Peltigrera polydactyla (Neck.) Hoflftn.— A 131, St. Ix)ni8 river. On 
the ground. 
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Physoia <*He(Sia (Hoffm.) Nyl. —A 171, Vermilion lake. On rocks. 

Pliysoia stellaris (L.) — A 24, Vermilion lake. 

Plaeodiuiu aiirautiaoum (Lightr.) Na^. &Hcpp.~A 146, Vermilion 
lake. On poplar. 

Placodiiiiu ccrinuiii (Hetlw.) Nag. & Hepp. — A 93, Vermilion lake. 
On poi)lar. 

Plaoodiuiu ele^aiis (Lk.) DC. — A 171, Vermilion lake. 

Pyreimla ?— A 105, Vermilion lake. On poplar. 

Sti<^ta aiiipliMsiiiia (Scop.) Mass. — A .><, Vermilion lake. 

Stic*t« puliiioiiaria (L.) Ach. — A 34, Vermilion lake. 

Tlielo8c*liistes rhrysoplitlialiiiiiM (L. ) Nonn.— A a">, Vermilion lake. 

Thelosolilstcs roiiooior (I)iekM.) Tuck.— A 94. Vermilion lake. On 
living Populus tivmuloides. 

Uxuca barbata (L.) Fr., var. eaveriiosa Tuck.— A Un in part, St. 
Louis river. 

Usneabarbata (L.) Fr, var. dasypo^a F*r.— A 167 in part, St. Tx>iiis 
river. 

Usiiea barbata (L.) Fr., var. fiorida Fr.— A 53, Vermilion lake. 
Sterile. 

Usiiea barbata (L.) Fr., var. plicata Fr.— B19o, Vermilion lake. 
(Determined by Sargent. ) 

PYRKNOM YrETEfl. 

Anthostoiiia fllavo-viride Ellis & Holwiiy (n. &p,) Stroma efTaaed, 
thin, extending for two or more inches in length and one-half inch or more in 
width, covered at first with a thin coat of greenish-yellow, short, matted hyphae, 
producing small (1-1 A mn), suhglobose, snbhyaline conidia, bnt finally bare 
and black. Perithei'ia membranaceous, blai'k, globose (i mm.}, sunk in the 
scarcely altere<l substance of the wood, contracted above into a narrow neck 
which penetnites the thin stroma with a black papllliform ostiolnm. Asci 
(spore bearing part) 75 by 6-7 mu, or including the slender base 120 mu long. 
Sporidia unlseriate, narrow elliptical, continuous, nearly hyaline at fi»t, be- 
coming dark, 10-12 by 4-4^ ma. The stn)ma is limited in the substance of the 
wood ])y a dark circumscribing line. — H 266, Vermilion lake. On decayinfc 
wood of Popuhis tn'muloides. 

Chiloiiec'tria ruoiirbitiila (Curr.) Sacc— H 178, Vermilion lake. On 
Abit»«. H 18*2, St. I^)uis river. On tamanu'k. * 

Claviocps ? — A I'M, St. Ix)uiH river. On I )eyeuxia canadensis. 

Dahliiiia ooiireiitrica (Bolt.) 0. & I)e N.— li 256, Vennilion lake. On 
dead Almis. 

Diatrype stigriiia Fr.— H 120, II 1 12, Vermilion lake. Thefiwt on Alnns, 
the second on ])in-}i. 

I>iatrypo tocM*ia»aiia De Not. — H 55, Vermilion lake. On Alnus. (De- 
termined ]»y Kllin.) 

I>iatrypella bt^tiiliiia Pk.— H 39. H JK), Vermilion lake. The tiret on 
Bet u la papyraeea, the second on B. pumila. 

Eutypellacervk'ulata (Fr.) Saw.— H 75, II 76, Vennilion hike. The 
first on Alnus incana, the secimd on Betula papyraeea. 

Giiomoiiiella t'oryli(Iiiiti*ch.) Sacc.— H 139, Vermilion lake. On Coiy- 
luH rostrata. 
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Hypocrea citrina (Pera.) Fr.— H 146, H 245, Vermilion lake. The 

first on Exidia^ the second on Polyiwms. (The latter determined by Ellis.) 

Hypocrea rlchardsoni Berk. & Mont. — H 45, Vermilion lake. On 
poplar. 

Hyponiyces aurantius (Pers.) Fckl.— H 115, Vermilion lake. On 
Polyjwrus. (Determined by Ellis.) 

Hyponiyces lactifluorum (Schw.) Tul.— H 143, Vermilion lake. On 
Ltat'tarias. 

Hypomyees roNclluH Tul. — H 230, Vermilion lake. On Polypoms ^ori- 
catns. (Determined by Ellis.) 

Hyi>oxylon eoniiiiutatiiin Nitsch.— H 144, Vermilion lake. On Alnns. 
(Determined ])y Ellis.) 

Hypoxylou coiniuutatiini Nitsch., va^. holwayanum Sacc. — H 
*248, Vennilion lake. On Alnus. 

Hypoxylon ferrugriiieuin Fr. — H 193, St. Lonis river. On old logs. 
(Det4?rmined ])y Ellis.) 

Hypoxylou fuseum (Pcrs.) Fr.— II 119, H 151, Vermilion lake. On 
Alnos incana. 

Hypoxylon morsel B. & C. — H 99 Vermilion lake. On Alnus. 

Hypoxylon niultifonne Fr. — H 262, Vermilion lake. On Betula pa- 
pynicea. 

Hypoxylon serpens (Pers.) Fr. — H 265, Vermilion lake. On poplar 
log. (Determinetl by Ellis.) 

Hyi>oxylou trans vcrsuni Schw. — H 41, Vermilion lake. On Betula 

papyracca. 

Hysterium ahjirustatum A. & S. — H 177, Vermilion lake. On Be- 
tuhi. 

Hysterograpliium g^erardii (C. &. P.) Sacc.— H 200, Vermilion lake. 
On old lK>ard. (Determined ])y Ellis.) 

Hysterogrraphiuiu fraxiui De Not.— H 224, Vermilion hike. On 
Fraxinus. 

Lasiospliseria liirsuta (Fr.) C. & De N.— H 40, Vermilion lake. On 
rotten log. 

Lasiospliaeria ovina (Pers.) C. &. De N.— H 148, Vermilion lake. On 
rotten wood. 

Lophoderniiiini inaeulare (Fr.) De N. — H 74, Vermilion lake. On 
fallen leaves of Ledum. (Determined by Ellis.) 

Lophmlemiiiiin pinastri (Schrad.) Chev.— H 107, Vermilion lake. 
On leaves of Pinus resinosus. 

Melaneonis alni Tul.— H 268, Vermilion lake. On Alnus incana. 

Melaneonis stilbostoma (Fr.) Tul.— H 63, Vermilion lake. On Betula 
pumila. 

Nectria episphaeria Fr.— II 111, Vermilion lake. On Diatrype stigma. 

Nectria perforata Ellis & Holway. (n. sp.) Perithecia gregarious and 

subconfluent, J-i mm. in diameter, subtuberculose roughened and pruinose 

farfuraceous, pale at first, becoming orange-red, depressed-globose, ostiolum 

popllliform, collapsing when dry so that the perithecia appear broadly perforated 

^bove. Asci clavate-cylindrical, 75 by 7-8 mu, without iMvraphyses. . Sporidia 

obliquely unweriate, elliptical or subovate, smooth, uniseptate, hyaline or with 

^ fiwnt tinge of rose-color. — H 260, Vermilion lake. On a decaying Agaricus of 

"^lie section Pleurotus. * 

5 



34 

Plowrigrlitia morbosa (Schw.) Sacc— H 163, VermiUon lake. On 
Pnmns pennsjlvanicus. 

Valsa nivea Fr.— H 103, Vermilion lake. On Popnlns tremnloides. 

Valsa salicina Fr.— H 77, Vermilion lake. On Salix discolor. (Deter-' 
mined by EUia.) 

JwUUed imperfect forma. 

Bactrldiuiii ellisii Berk.— H 109, Vermilion lake. On rotten wood. 

Cercospora leptosperma Pk.— H 152, Vermilion lake. On Aralia 
nndicaulis. 

Didymaria ung-eri Cda. {Ramularia didyma Ung.) — H 88, Vermilion 
lake. On Ranunculus pennsylvanicus. 

Fusariuni bereniee (B. 4b C.) Sacc.— H 67, Vermilion lake. On Abies 
balsamca. 

Glomenilaria comi Pk.— H 2, Vennilion lake. On Gomus canadensis. 

Melaiiconiuin betuliniuu Schm. & Kze. — H 97, Vennilion lake. On 
Betula papyracea. H 85, Vermilion lake. On Betula pumila. 

Mclanconium bicolor Necs.— H 95, Vermilion lake. On Betula papy- 
racea. 

Oidiuin radiosuiii Lib.— U 272, Agate bay. On Populus Iwlsamifera. 

Ramularia tulasiiei Sac<^. — H206, Vermilion lake. On Fragaria Tir- 
giniana. 

Ramularia urtica; Ces. — H 164, Vermilion lake. On Urtica gracilis. 

Raiuiilaria variabilis Fckl. — H 9, Duluth. On Verbascum thapsus. 

Ramularia varicgata Ellis & Holway (». wp.) Spots amphigenons, 
laige, indefinite, A-1 cm. in diameter, above reticulately spotted with white or 
brown, less di.stinctly so l>elow. llyphai amphigenous, but mostly hypophyl- 
lous, fasciculate, hyaline, simple, toothe<l above, 15-25 by 4 mu. Gonidia oblong- 
cylindrical, hyaline, unlscptate, and often constricted at the septum, 20-35 by 
3^-4} mu. — H 233, Vermilion lake. On living leaves of Petasites palmata. 

Septoria astragali Desm. — II 60, Vermilion lake. On Lath^Tus ochro- 
leucus. 

Septoria coptidis B. & C— H 231, Vermilion hike. On Coptis tri- 
foliata. 

Septoria corylliia Pk. — H 207, Vermilion lake. On Corylus rostrata. 

Septoria miinuli £. & K.— H 105, Vermilion lake. On Mimalus 
ringens. 

Septoria polygronorum Dcsm.^— H 153, Vermilion lake. On Poly- 
gonum cilinode. 

Septoria rubi West., var. pallida E. & H.— H 47, Vermilion lake. 
On Kubus hispidus. 

Stilbum tomentosum Schr. — H 114, Vermilion lake. On some myzo- 
gaster. 

Trichotlieeium roseum (Pers.) Lk.— H 181, St. Louis river. O 
tamarack. 

Zygodesmus sublilaeiuus Ellis & Holway (}t, f*p.). Forms a contin 
ous, thin, felt-like stratum of a dirty lilac color on rotton wood (of soi 
deciduous tree) and on birch bark. Margin slightly paler. Main hypi 
coarse, much branched, the tips of the branches enlarged and bearing 
coarsely echinulate, rather irregularly shaped spores, about 7 mu in diame 
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<m distmct spicnlar ajwrophores. — H 188, Vermilion lake. The same thing 
has been found at Newfield, N. J., on bark of pine log. 

HELVELLACEiE. 

Cenangium ceraslFr. — H 157, Vermilion lake. On Prunns pennsyl- 
Tanica. 

Chlorospleniuin versifonne Fr.— H 267, Vermilion lake. On old 
stnmps. 

Ciboria tabaciiia Ellis & Holway (n. sp.). Stem slender, almost fili- 
form, slightly enlarged above, J-lj cm. long, and like the outside of the peri- 
thecium, yellowish tobacco-brown. Perithecia cupulate-jMitelliform, 1J-2J mm. 
in diameter, subrugulose beneath, margin entire and even, only slightly in- 
■curved. Disk slate-color, concave. Awi cylindrical, 100-115 by 9-11 mu. Para- 
physes stout, yellowish, gradually but only slightly tliickened above. Sporidia 
umseriate, elliptical, mostly with a single large nucleus, yellowish-hyaline, 9-12 
by 4-5 mu. — H 68, Vermilion lake. On decaying i)etioles. 

C. Sydowiana Kchn. grows also on petioles, and has much the same micro- 
.soopical characters except that the sporidia are broader (5-7 mu) and somewhat 
curved, but the stem is much shorter and thicker, the perithecium subcyatlioid, 
and the whole plant pale. C. ealopus Fckl. is of a different color, and has the 
asci and sporidia larger, and so of C. firma Pers., to both of which species the 
Minnesota plant bears some resemblance, though its peculiar color and neat 
.appearance enable one to distinguish it even with the naked eye. The meas- 
urements of the stem, etc., and notes of color, are from the dry specimens. 

£xoascus alnitorquus (Tul.) Sad.— H. 215, Vermilion lake. On 
Alnus incana. 

Geoglossiun luteuni Pk. — H 195, St. T^uis river. In swamps. 

Habrostictis ocellata Fckl. (SHcUb lecanora Fr.)— H 38, Vermilion 
lake. On Balix discolor. (Determined by Ellis.) 

Heliotiuni eltriiiiim Fr. — H 228, Vermilion lake. More distinctly 
stipitate than usual. (Determined by EUia.) 

Patellaria fenestrata C. & P.— H 118, Vermilion lake. On dead 
twigs of Populus tremuloides. 

Peziza agassizii B. & C. — H 179, St. I^uis river. On tamarack. 

Peziza (Dasys) borealis Ellis & Holway (n. sp.). Briefly stipitate, 
about 1 mm. in diameter, globose when dry and nearly closed, densely shagged 
and fringed with gray hairs, the marginal ones 80-100 mu long, and 2i mu thick. 
Disk pale. Asci cylindrical, sessile, 75-80 by 7-8 mu. Paraphyses stout (2 J mu 
thick), pointed above and slightly exceeding the asci. Sporidia clavate-fusoid. 
nucleolate, hyaline, straight or a little curved, 2-seriate, 20-22 l)y 3-4 mu. — H 
264, Vermilion lake. On rotten wood, which is overspread with a brown 
^ygodesmus. We can not say whether the Zygodesmus is accidental or of the 
nature of a subiculum. When dry it much reseml^^es Cyphella ravenelii B. 

Peziza carbonaria A. & G. — H 191, St. Louis river. On the ground. 
•(Determined by Ellis. ) 

Peziza eupressi Batsch.— H 225, Vermilion lake. On fallen leaves of 
Thuya. 

Peziza dehnii Kabh. — H 176, Vermilion lake. On living Pot<jntil]a. 

Peziza ftiseo-carpa Ellis & Hoi. — H 189, St. Louis river. On logs. 
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Peziza hemispherica Wigg.— H 159, Vermilion lake. On rotten wood. 

Pcziza niacropiis Pars. (P. subciavipesFhil. & Ellis.) — H 227, Yermilioxi 
lake. (Determined by Ellis.) 

Peziza (Hamaria) olivatra Ellis & Holway (n. sp.). Camose, abont 2 
mm. across, attached by a central point, smooth and blackish outside, with, 
the thin margin lighter. Disk concave, dark olive when dry. Asci clavate- 
cylindrical, 7()-75 ])y 6-7 mn, 8ul)8es8ilo. Paraphyses, yellowish -brown, abont as- 
long as the asci, scarcely thickened alx)ve. Sporidia biseriate, oblong, yellowish- 
hyaline, rounded at the ends, 8-7 by lA-2 nm. Tlie margin, when dry, is more or 
less undulate, but not strongly incuned. — H 269, Vermilion lake. On old 
si\un\y3, 

Peziza repanda Wahl. — H 258, Vermilion lake. On rotten wood. 

Peziza sciitc^llata L. — H 149, Vermilion lake. On old logs. 

Rliytisma aiidroineda Fr.— H 186, Vermilion hike. On Andromeda 
polifolia. 

Spatliiilaria llavida Pers. — K 194, St. Louis river. In swamps. 

PERISPORIACE.K. 

Erysiplie agrgrrejcata (Pk.) — H 51, Vermilion lake. On Alnus incana, 

Erysiphe cielioraceoruiii DC — H 78, Vermilion lake. On Echiuosper- 
mum virginicum. 

Mierosphaera dubi Lev. — 11 150, H 242, Vermilion lake. The latter on 
an undetermined species of Lonicera; the first on L. hirsuta. 

Sphaerotlieca castagriiei Lev. — H 46, Vermilion lake. On Rubus his- 
pid us. 

Spliaerotlieca pannosa Lev. — H. 84, Vermilion lake. On Kibes flori- 
dum. 



OOPHYTA. 



rEROXOSl»ORK.«. 

Cystopus bliti (I5iv(m) Lev. — II 134, Vermilion lake. On Amarantus: 
retroflexus. 

Cystopus caiididiis (P.) Lev. — H 244, Vermilion lake. On Capsella 
bursa-pastoris. 

Cystopus eilbiciis (Strauss) Lev. — H241, Vennilion Like. On Cnicus. 

Peroiiospora artli 111*1 Farl. — H 271, Agate bay. On Oenothera biennis. 

Peroiiospora effusa (Grev.) Kabh., var. minor Farl. — H 135, Ver- 
milion lake. On ChenoiKxiium album. 

Peroiiospora g"aiiffliibrinis (Bk.) DeB. — H 81, Vermilion lake. On 
Mulgedium leucopha^um. 

Peroiiospora potentillai De B. — H 86, Vermilion lake. On Genm 
macrophyllum. 

VOLVOCIN'K.K 

Yolvox gflobator L. — A 52, Vennilion lake. In water among moss in a 
|0W grassy spot. (Determined by Wolle.) 
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OOXFEBVACKA • 

Chactophora endivisefolia Ag., var. ramosissiina Rab.— A 78, Ver- 
Tnilion lake. (Determined by iroWf.) 

Chsetophora pisiformiH Ag. — A 191 in part, St. Louis river. In 
running water. (Determined by WoUe.) 

Conferva tenerriiiia Kg. — A 57, Vermilion lake. (Determined by 
Wolle.) 

ZYGOPHYTA. 

MESOCAUPE^. 

Mesocarpus scalaris Has. (?) — A 173 in part, St. I^uia river. Clear 
nmning water ; sterile. (Determined by WoUe,) 

DIATOMACE^^ 

Determined by Mr. B. W. Thomas, from a single gathering taken from the 
running water of a ditch in a sphagnous swamp. 

£uiiotia lunaris Gran. — A 172 in jmrt, Vermilion lake. 

■ 

£iiiLOtia praeruptay var. bi<len.s Grun. — A 172 in part, Vermilion 
lake. 

Melosira varians Ag. — A 172 in part, Vermilion lak«\ 

Navieiila liiuoHa K. — A 172 in jmrt, Vermilion lake. 

Navicula liinosa K., var. subiiiflata Grun. — A 172 in part, Vermilion 
lake. 

Navicula in2\jor K. — A 172 in part, Vermilion lake. 

Nati cilia parva Ralfs. — A 172 in part, Vermilion lake. 

Navicula viridiH K. — A 172 in part, Vermilion lake. 

Staiiroiieis aiioeps £. — A 172 in ]>art, Vermilion lake. 

StaiironeiH phoeniceiiteroii £. — A 172 in part, Vermilion lake. 

Tabellaria fcncstrata K. — A 172 in part, Vermilion lake. 

Tabellaria liocculosa K. — A 172 in part, Vermilion lake. 

])ESMIDIE.K. 

Determined bv Kev. Francis Wolle. 

Closteriuiii dianie £hrb. — A 190 in i)art, Vermilion lake. Ditch in 
«phagnous swamp. 

CloHteriuin parv'uliiiii Nag. — A 184 in part, A 190 in part, Vermil- 
ion lake. In sphugnous swamp. 

Closteriuiii striolatiiiii Ehrb. — A 149 in part, St. Louis river. A 190 
in part, Vermilion lake. 

CloHteriiiiii veims Kg. — A 184 in part, Vermilion lake. In cold sphagn- 
ous swamp. 

Cosiuarilini botrytis Menegh. — A 184 in part, Vermilion lake. 

Cosmariiiin cueuinis Cda.— A 184 in part, Vermilion lake. 

Cosmariiini iiaHiituiu Nord.— A 189 in part, St. Louis river. In open 
sphagnous swamp. 

Cosmariiini nitidiiluiii De Not.— A 187 in part, St. Louis riv6r. In 
sphagnous swamp. 
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Cosniarium. ornatnni Ralfb.— A 173 in part, St. Lonis river. 

Cosmariuni speciosum Lund., var. abbreviatiiin WoUe (n. t»r.). 
Differs from the tyx)e-form in being only abont one-tenth longer than broad;: 
not one-half longer, as described by Lundell, and as hitherto fonnd. — A 14^ 
in part, A 173 in part, St. Lonis river. In clear water running through a. 
ditch in a sphagnons swamp. 

Cosmariuni tetraophthalmum (Kg.) Breb.— A 164 in part, Ver- 
milion lake. A 189 in part, St. I^nis river. 

Docidiuiu trabeoula (Ehrb.) Nag.— A 149 in part, St. Loois river. A 
190 in part, Vermilion lake. 

£iiastru]ii ausatuni (Ehrb.) Ralfs.— A 190 in part, Vermilion lake. 

!Eiiastriiin craSMum (Breb.) Kg. — A 196 in part, St. Louis river. In 
clear water rumiiiig through sphagnons swamp. 

!Euastruni clegans Kg. — A 189 in part, St. Louis river. 

£uastriiiii oblon^uni Kalfs. — A 149 in part, St I^uis river. A 190 in 
part, Vermilion lake. 

Euastriim vcrrucbsuni (Ehrb.) Ralfs.— A 173 in part, St. Louis river. 

Peniiim closterioides Ralfs.— A 192 in i)art, St. Louis river. In. 
clear water in a sphagnous «\>'amp. 

Peniiiin oblong'iiiu De B. — A 187 in part, A 188, St Louis river. 

Staurastriiiu alternaiis Breb. — A 149 in part, St. Ix>uLs river. 

Staiirastrum brcvispina Breb.— A 192 in part, St. Louis river. 

Staurastruiii dejectuiii Breb.— A 190 in i>art, St. Louis river. 

Staurastriiiu dickici Rails.— A 149 in part, St. Louis river. 

Staurastrum t\ircifferuin Breb.— A 190 in part, Vermilion lake, 

Staurastriiiu hirsutuin (Ehrb.) Breb. — A 173 in part, St. Loui8 
river. 

Staurastruiu orbioulare (Ehrb.) Ralfs.— A 190 in part, Vefmilion 
lake. 

Staurastriiiu .rug'iilosuiu Breb.— A 184 in part, Vermilion lake. 

Staurastriiiu soabnim Breb.— A 191 in part, St. Louis river. Clear 
water in sphagnous swam]). 

Staurastriiiu spongriosuniBreb. — A 190 in part, Vermilion lake. 

Staunistniiu subarcuatuiu Wolle.— A 190 in part, Vermilion lake. 

Staurastrum teliferuiii Ralfs.- A 184 in part, Vermilion lake. A 
190 in part, St. Louis river. 

PANIK)RINE-E. 

Paiidoriiia nioriiin Bory.— A 54, Vermilion lake. (Determined by 

Wolle.) 

PKOTOPHYTA. 

PALM ELLA CE.E. 

Tetraspora lubrica Ag., var. lacuiiosa, Chauv.— A 192 in part, St. 

Louis river. In dear flowing water. ( Determined by Wolle.) 

CHROOCOCCACE.K. 

Merisniopedia elegrans A. Br. (?) — A 190 in part, Vermilion lake. 
(Determined by Wolle.) 
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OSCILLABIACILB. 

Lieptothrix ochracea Kg. {Lyngbya ochracea Thnr.) — A 68, Vermilion 
lake. (Determined by WoUc.) 

Oscillaria grracilliina Kg.— A 56, Vermilion lake. (Determined by 
Wolle.) 

Oscillaria tenerrinia Kg.— A 76, A 109, Vermilion lake. (Determined 

by Wolle.) 

BIVULABIACEJr.. 

Glceotrichia natans Thar.— A 186, Vermilion lake. Floating in the 
water of the lake; from the size of a pea to two inches in diameter. (Deter- 
mined by Wolle.) 

Glceotrichia pisuin Thar. {RiwHaria fluitans Cohn.) — A 77, Vermilion 
lake. Floating in the lake in small qoantity ; not found attached. This is the 
same plant that has attracted so much attention at Waterville, Minn., and 
vicinity, on account of its supposed poisonous effects upon cattle — a supx)osition 
that has not been substantiated. 

N0STOC?ACK-ffi. 

Ifostoc lichenoides Vauch. — A 148, St. Louis river. On the ground 
among moss. (Determined by Wolle.) 

MYXOMYCETKS. 

Arcyria cinerea (Bull.) Rostf. — H 124, Vermilion lake. (Determined 
hj Bex.) 

Arcyria nutans Bull. — H 64, Vermilion lake. 

Arcyria oorstedii Rostf. — H 92, Vermilion lake. (Determined by Rex.) 

Arcyria piinicea Pers. — H 7, Duluth. 

Chondrioderma niichelii (Lib.) Rostf., var. sessilis Rostf.— H 167, 
Vermilion lake. (Determined by Hex.) 

Clathroptycliium riigrnlosum (Wall.) Rostf. — H 261, Vermilion lake. 

Coniatricha pulcliella Bab. (?) — H 126, Vermilion lake. (Determined 
by Rex.) 

Cribraria argrillacca Pers. — H 170, Vermilion lake. (Determined by 
Rex. 

Diachasa leucopoda (Bull.) Rostf.— H 6, Duluth. 

Dictydiuni cemuiini (Pers.) — H 129, Vermilion lake. 

Heniiarcyria clavata (Pers.) Rostf.— H 174, Vermilion lake. 

Hemiarcyria rubifomiis (Pers.) Rostf. — H 199, Vermilion lake. 

liamprmlerina arcyrioides (Somf.) Rostf. (?)—H 123, Vermilion lake. 
(Determined by Rex.) 

I^ycograla epidendruni Brex. — H 56, Vermilion lake. On decayed 
wood. 

Stemonites dictyospora Rostf.— H 33, Vermilion lake. 

Stemonites ferrugrinea Ehr.— H 168, H. 169, Vermilion lake. The 
latter has sjwres unusually small. (Determined by Rex.) 

Tilmadoche nutans Pei8.(?)— H 127, Vermilion lake. (Determined by 
Sex,) 
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Trichia chrysosperma Bull.— H 121, H 202, Vermilion lake. The lat- 
ter varies considerably fVom the typical form. 
Tubulina cylindrica Bull.— H 171, St. Louis river. 

CHYTRIDINRfi. 

Synohytrium asari Arthur & Holway (n. sp.). Spots indistinct; galls 
flattened hemispherical, scattered; resting spores solitary, spherical, .10-. 12 mm. 
in diameter; epispore dark brown, smooth. — A 86, Vermilon lake. On leaves 
and petioles of Asarum canadense. 

The galls are formed by the swollen epidermal cells surrounding the host- 
cell, and are depressed in the centre, apparently forming a pore. They are 
thickly scattered over the petiole and both sur&ees of the leaf, either over the 
whole leaf, which is the usual way; or over definite portions of it. The color of 
the leaf is scarcely altered, but the affectpd leaves are made conspicuous by the 
minutely blistered and somewhat distorted api)earance given by the parasite. 
The spores are very uniform in size and shape. 
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PLANTS COLLECTED OE OBSERVED ON THE BLUFF 

. AT DULUTH, JULY 17, 1886. 

By L. H. Bailey, Jb. 

The following plants were observed upon the high receding 
blafif just back of Dulath. The original timber has long been 
removed, the present ligneous plants consisting of scattered 
•clumps of bushes, 

Juncus bufonius L. 

Juncus tenuis WiUd, 

Anaphalis margaritacea Benth. it Hook. 

Cerastium viscosum Z. 

Taraxacum officinale W. 

Coruus canadensis //.. 

Quercus rubra L. 

Thuya occidentalis L, 

Acer sacchariuum Wang. 

Acer spicatum Lam, 

Corylus rostrata Ait. 

Abies, species undeterminable. A few small plants. 

Fragaria vesca L. Common. 

Fragaria virginiana Ehrh. Not common, 

Potentilla norvegica L. 

Achillea millefolium L, 

Trifolium repens L. 

Tri folium pratense L. . 

Polygonum aviculare L. 

Plantago major L, . i 

Pteris aquilina L. 

Eumex acetosella L. 

Aquilegia canadensis L. 

Eubus strigosus Michx. 

Eubus nutkanus Mac. Common. 

Salix discolor Muhl. 

Epilobium coloratum MnhL 

Epilobium spicatum Lam. 

Capsella bui'sa-pastoris Mwnch. 

Verbascum thapsus L. 

Chenopodium album L. 

Prunus pennsylvanica L. Much attacked by the fungus Plow- 
rightii morhosa Sacc. 

Diervilla trifida Mcench. 
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Bannncnlns abortivns L. ^ 

Geranium robertiannm L. 

Cnicns lanceolatus Hoffm. 

Amarantus albns L. 

Galinm apariue L. 

Comas alternifolia L. 

Hcracleum lanatum Michx. 

Sambacus canadensis L. 

Betnla papyrifera Marshall. 

Tilia amerieana L. 

Carex deweyana Schic. 

Carex arctata Boott. 

Carex pennsylvanica Lam. 

Carex tenella Schk. In sunny, dry places. 

Agrostis scabra Willd. 

Phleum prat<5nse L. 

Polygonum cilinode Michx. 

Juncus bufonius L. 

Galeopsis tetrahit L. 

Lathyrus paluster L. 

Poa compressa L. 

Stellaria borealis Bigelow. 

Polygonum aviculare L. A singular, erect, short-jointed form. 
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SUPPliEMBNT TO THE FLORA OF MINNESOTA. 

By Wabben Upham. 

The following notes, chiefly received from the botanists named 
•on pages 10 and 181 of my Flora of Minnesota^ show the accessions 
to the known flora of this state, and to knowledge of the geo- 
graphic range of species, since the publication of that report 
two years ago, without, however, including the plants collected 
at Vermilion lake and vicinity by the botanical party of the 
State Survey, during the season of 1886. Twenty-two localities 
are added on the authority of Mr. L. E. Moyer and sister, of 
Montevideo, who have furnished a catalogue of species growing 
in Chippewa county. 

Descriptions of the plants added are found either in Gray's 
Manual or in Coulter's Manual of Rocky Mountain Botany ^ except- 
ing three, of which descriptions are here given. ' 

Accessions. 

Anemone niidieaiiliSy Gray. '* I wish to direct the attention of any of oar 
own botiinists, who may next summer be visiting lake Superior, to a singular 
Anemone which grows in bogs and on banks near the water at Sand bay, 
Minnesota, very near lat. 48°, and in or near the Canadian boundary. AU I 
know of it is l^m a specimen sent to me in a letter, dated August 8, 1870, 
from Mr. Joseph C. Jones, then of the U. S. Steamer Search. He wrote 
that the plant was found growing in mossy ground, close to the water's 
edge, and also in bogs, and that it grows in the manner of Coptis trifolia. 
I believe it ha8 filiform rootstocks, like those of Anemone Bicbardaoni, and 
the radical leaves are so like those of that species thst I inadvertently mis- 
took the plant for tliat species. But the involucre consists of a single peti* 
olate leaf, vciy like the radical, or else is wholly wanting. And the akenes 
arc tipped with rather short and hooked styles, ver^ unlike the long ones 
of the aforesaid Arctic species. A flowering specimen is a desideratum." — 
Am Gray in Botanical Gazette, xi, 17, Jan., 1886. 
Arabis patens, Sullivant. Rock Cress. 

Nicollet county, in a deep ravine beside a water-fall near the Minnesota 
river, five milCvS above Maukato, Leiberg. 
Crotalaria sagittalis, L. Kattle-box. 

Shore of a little pond close to Mahtomedi station, Miss Butler, 
TrifoUum agrarium, L. YvUow Clover. Hop Clover. 

Ramsey county, Oestlund. 
TrifoUum procumhcnSy L., var. winiw, Koch. Smaller Yellow or Hop Clover. 

Steams county, Campbell; becoming abundant in some parts of southern 
Minnesota, siMHiially observed near Winnebago City (displacing Mayweed 
and other weeds, "even more rapidly than white clover"), Gedge; Pipe- 
stone City, Mrs. Bennett. 
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Bosablanda, Ait. (Including var. pnbescens, Crepin.) Wild Rose. 

Dulnth, Engelmann. Probably frequent in eastern and northern Min- 
nesota, ^'on rocks and rocky shores of rivers and lakes.'' It ranges from 
Newfoundland, Hudson bay and lake Winnipeg, south to Vermont, north- 
em New York, Illinois and Wisconsin. Watson in Proc. Am. Acad, oj ArU 
and Sciences, xx, 339, Jan., 1885. Winona county, Holzinger. 
Rosa Sayiy Schweinitz. Wild Rose. 

Surely in northern Minnesota. Frecjuent in the Rocky mountains from 
Colorado to British America, and on the south and north shores of lake 
Superior and northward. ITafaon, 1. c, 340. 
Rosa Arkansaua, Porter. (R. blanda, Ait., var. setigera^ Crcpin.) Wild 
Rose. 

Very frequent in the mountains from western Texas and New Mexico to 
British America, and eastward to the upper Mississippi and Saskatchewan. 
The most pubescent form of this si)ecies is common uxx)n drj- 
prairies from the upper Mississippi westward and to the Saskatchewan. 
The flowers are here sometimes white. In eastern Minnesota and Iowa it 
occurs with the receptacle more or less hispid. M'atwn, 1. c, 341. Winona 
oonnty, Holzinger. 
Rosa WoodHiiy Lindl. Wild Rose. 

Missouri to Colorado and northward to western Montana, the Saskatche- 
wan and Slave lake, chiefly on the plains and in the valleys. — Minnesota, 
Sykenj near Minneapolis, 3fiMS Butler; Dakota, XieoUet, at Mandau, Meehan; 
Montana, on Tongue river, Rohertn, et<!. Watmn^ 1. c, 345. 
[The four preceding »ijeici<!N take tlie iilacr* of the two varieties of li. blanda.] 

<Einothera bieuiiis, L., var. criieiata, Ton. & Gray. Evening Primrose. 

Willow brook, between Glyndon and Muskoda, CUiy county, Gedge. 
Srigrenia bulbosa, Xutt. Ilarbinger-of-Spring. Pepper-and-salt. 

Lake City, Mi ah Manning. Southeast. 
Petasites palmata. Gray. (Nardosmiapalmata, Hook.) Sweet Coltsfoot. 

Tower, Vermilion lake, and Agate Imy on lake Superior, Sandt>erg; near 
Duluth (abundant), W. 11. Stultz; Leeih lake and White.Earth, Dr. C. P. 
AUen; Detroit, If: W. Cookr. Nortli. # 

Aster acuiiiiuatusy Michx. Aster. 

White Earth, Dr. C. P. Allen. North. 

[Cacalia suaveolenM, !>., is found at Ilmper, Iowa, olo.<ie to tlie south line of Fillmore <y>unty 
MiuneiMta, by Airg. Cktrter.\ ' 

Senecio aureus, L., var. borealis, Torr. & Gray. Golden liagwort. 

Northwest angle of the Lake of the Woods, at the extreme northern point 
of Minnesota, Macoun. North. 
Crepis runcinata. Ton*. & Gniy. Crepis. 

Red river pniirie and westwanl, Daicwn^ Maeoun. West. 
Lactuca Liudovicianay DC. Wild lettuce. 

Winona county, Holzinger. 
Campanula rotunclifolia, L., var. arctica, Lange. (var. linifolia. Gray.) 
Harebell. Bluebell. 

North shore of lake Sui>erior, RohertK; Clay county, Gedge; ** quite com- 
mon in the whole prairie region extending from Manitoba to the Kocky 
mountains,'' Macoun. 

Plantagro m^or, L., var. Asiatica, Decaisne. Plantain. 

Plentiful in the Red river valley, Upham, Leiberg, Northwest. Capsule 
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usually more broadly ovoid; circnmscissUe near the base and much within 
the calyx. A very large indigenous form, perhaps a distinct species. — 
Gray^s Synoptical Flora of N, A, 
Peutsteuion cristlitus, Nutt. Beard-tongue. 

Rising ground, Red river prairie and westward, Dawson. Macoun^s (kit- 
alo(/ii€ of Canadian Plants. West. 
Pentstciiion ^raciliSy Nutt. Beard-tongue. 

On tJie 49th parallel near Emerson, Manitoba, and westward, Bwrgtt»^ 
Ricliardson^ etc. jtfacott^'8 Catalogue. West. Winona, Holzinger. 
Moiiarcla fistiilosa, L., var. niollis, Benth. Wild Bergamot. 

Red river valley, Macoun. West. 
Gentiana Aiiiarellay L., var. strieta, Watson. Gentian. 

Frequent, or common, in northeastern Dakota, extending south to the- 
Northern Pacific milroiul, Upham; surely also extending into Minnesota. 
Northwest. "Frequent on open, grassy prairies from Winnipeg weHtward 
to the Rocky mountains. Easily distinguished by its strict habit and usu- 
ally copious and light-colored flowers." 3facoun^s Cataiogue. 
A triplex patula, L., var. hastata. Gray. Atriplex. 

Common, or frefiuent on alkaline land in the Red river valley, Upham , 
dotenuine<l by Mr. Watnon. 
Atriplex ar^centea, Nutt. Atriplex. 

With the preceding, {/>A<n»; also determined by 3fr. Watson. West. 
Siia^cla depressa, Watson, var. ereeta, Watson. Sea Blite. 

Common, or frequent, on alkaline land in the Red river valley, Upham^ 
Northwt«t. 
Rumcx obtnsifoliuSy L. Bitter I>ock. 

Winona county, Holzinger. 
Euphorbia platjfphyHa^ L. Spurge. 

Lake City (rare.), 3fufS Manning. 
Salix eorclata, Muhl., var. vestita, Anders. Diamond Willow. 

Frequent, especially in the Red river valley. Mr. Bebh ymX/as : **Prof.. 
L. F. Ward apd myself are utterly unable to account for the arrest of wood 
growth at the* base of the atmphied twigs." This is not regarded by Mr. 
Bebb as worthy of a distinct varietal name. It is, however, very well 
known in many localities because of its diamond-shaped gnarls, which give 
its name, and make it a curiosity when used for canes or ornamental work. 
Typha ang^ustifolia, L. Narrow-leaved Cat-tail. 

I^re on north shore of north hiilf of Red lake (leaves 1 to } inch wide ^ 

stAminate and pistillate parts of spike separated by } inch of naked stem), 

Upham. 
Slsyriuchiuiii aiiceps, Cav. Blue-eyed Grass. 
Sisyriiicliiiiiii iiiucroiiatuniy Michx. Blue-eyed Grass. 

Prof. Coulter ^vrites : ''Our Sisyrinchiums are unquestionably two- 

species. Verj' likely Miller's name should be substituted for one of them, 

but it is impossible without a half day's work in the library to tell which. 

They are Ix^th undoubtedly distinct from the Jamaica plant." 
Carex* i^yiiocrates, Womiskiold. Sedge. 

Becker county, Simmons; determined by Prof. Arthur. North. 

• Prof. L. 11. Bailey, Jr., authorises a correction in his Stfnopsis of North American Oarieett in 
which Minn«-:H)tu is crtMiitcd with ihrrx rarijiora. Smith (p. 94). and C. prafeiuis^ Dr^. (p. 147). 
Further examination of the Hpecimens from the Minnesota localities cited shows that an error 
made in the original determinations, and the citations should therefore be erased. 
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Carex pauciflora, Lightfoot. Sedge. 

Tower, Vermilion lake, and Agate bay, Sandberg, North. 
Carex rosea, Schk., var. radiata» Dewey. Sedge. 

Saint Cloud, Campbell; determined by Mr. William BooU. "More com- 
mon than the species,'* Bailey. 
Carex stenopbylla, Wahl. Sedge. 

Red river valley, Lciberg; determined by Mr. BooU. Emmet county, 
Iowa (rare). Crafty; determined by Prof. Bailey. West. 
Carex adiista, Boott, var. g^lomerata, Bailey. Sedge. 

Northern Minnesota, Bailey. Spikes few-flowered, aggregated into a 
Ioo3e, mastly tawny head; perigynium large, alma^t wingless, nearly filled 
by the large dark achenium. — Bailey^s Preliminary Synopsis of North Amer- 
ican Carices. 
Carex straminea, Schk., var. mirabilis, Tuckerman. (C.cristata, Schk., 
var. mirabilis, Gray's Manual.) 
Chisago county, Sindberg.* 
Carex flava, L. Sedge. 

' Saint Cloud, Campbell; determined by Mr. Boott. 
Carex trichocarpa, Muhl. Sedge. 

Chisago county, Sandberg. 
Carex vesicariay L. Sedge. 

Red river valley, Leiberg; determined by 3fr. Boott. Northwest. 
Carex Tuckermauiy Boott Tuckerman's sedge. 

Chisago county, Sandberg. 
Carex rupestris. All. Sedge. 

Red river valley, Leiberg; determined by Mr. BooU. North. 
Stipa viridulay Trin. Feather-grass. 

Frequent on alluvial soil in northeastern Dakota, from Grand Forks 
county northward, Upham; doubtless also reaching into Minnesota. West. 
Miliam effusum, L. Millet-;^ass. 
Hennepin county, Ocstlund. 

Erasuses. 

The following should b? erased: 

Thalictrum Cornuti, L. The range of this specie? (T. palygamum, Muhl.) 
is stated by Prof. Trelease {Botanical Gnzette, xi, 92) as **west to Ohio, but 
mostly confined to the Atlantic states; " it is probably not found in Minnesota. 
The specimens heretofore referred here belong to T. purpurascens, L. 

Cardamine rotunli'blia, Michz., in appendix. The C. rhomboidea, DC, var. 

purpurea, Torr., place 1 under this name, belongs with the typical C. rhomboi- 
dea. 

Fragaria Virginiana, Duchesne. Our form of this is the var. Illinoensis, Gray. 
"The species seems to be confined to the Atlantic states, " Coulter's Mtnual. 

Crataegus tomentosa, L., var. pyrifolia. Gray. This variety is included with 
"fhe typical species by S.irgent*s Forest Treen of N. A. 

Gaillardia pinnatifida, Torr. The specimens referred here wer3 undoubtedly 
C2r. aristata, Pursh. 

Trillium erectum, L. , var. album, P. Transfer the locality * 'Winona, HjUintjet^ ' 
:CTom this species to T. grandiflorum, Salisb. 
7 



50 

Carex straniinca, Schk., var. Crawei, Boott. This variety is included with 
the typical species by Bailey's Synopsis of N. A. Carices. 

» 

Additional Localities. 

Ranunculus affinis, R. Br., Two Harbors, lake Superior, A. W. Jones. 
Ranunculus repens, L., var. hispidus, Ton*. & Gray. Frequent in Blue Earth 
county, Leiberg. 
Corydalis glauca, Pursh. Brown county, Juni. 
Arabis laevigata, Poir. White Earth, Dr. C. P. Allen. 
Sisymbrium Thaliana^ Gay. Brown county, Juni. 

Draba Caroliniana, Walt., var. micrantha. Gray. Common in Blue Earth 
county, Leiberg. 

Vesicaria Ludoviciana, DC. Montevideo, Chippewa county, Moyer. 

Viola lanceolata, L. Near the international boundary northeast of Vermil- 
ion lake, A. W. Jones. The northern limit of this species, as stated by Dr. 
Oray, is ''from Nova Scotia to lake Superior," B*)t. Gaz.j xi, 255. 

Viola palmata, L. 

Gray's revisioa of the violets (Botanical Gazette, xi, p. 254) makes it necessary 
to transfer the localities under V. cucullata, var. palmata of the catalogue to 
this species, to which should be added Winona county, Holzinger. 

Viohi palmata, L., var. cucullata, Gray. This name should be used inistead 
of V. cucullata, Qray^ I. c. 

Viola sagittata. Ait. Leech lake, Allen. 

Viola Canadensis, L. Abundant near Cannon lake. Rice county, Miss Beane. 
Quite plentiful in timbered bottoms, some varieties nearly white, Chippewa 
county, Moyer. 

Viola pubescens. Ait., var. eriocarpa, Nutt. The prevailing form of this 
species in copses throughout the prairie part of the state, Leiberg. 

Hudsonia tomentosa, Nutt. Sandy Like, close northeast of MinneajMlis, Sim^ 
mons. 

Lechea minor, Walt. Common at Red lake, Ipham. 

Hypericum ellipticum. Hook. Dellwood, Ramsey county, KeUey. 

Hypericum corymbosum, Muhl. Red Wing, Sandberg. 

Arenaria Michauxii, Hook. WTiite Earth, Allen. 

Stellaria crassifolia, Ehrh. Lake City, 3fiss Manning. 

Cerastium oblongifolium, Torr. Montevideo, Chippewa county, Moyer. 

Malva sylvestris, L. Montevideo, Chippewa county, Moyer. 

Linum perenne, L. Mahtomedi, Ramsey county, Miss Butler. 

Ptelea trifoliata, L. Faribault, 3Iiss Beane. 

Rhus typhina, L. Red lake, near the Agency, Upham. 

Rhus glabra, L. Plentiful near Tower, Vermilion lake, A. W. Jones. 

Acer rubrum, L. Montevideo, Chippewa county, Moyer. 

Trifolium arrense^ L. Minneapolis, Simmons. 

TrifoHum hybridum, L. Near Duluth, David F. Day. 

Melilotus alba^ I>am. * * Spreading along the roadsides in some parts of Cotton- 
wood county to the exclusion of every other plant," Juni. 

Dalea alopecuroides, Willd. Worthington, becoming plentiful as a weed be- 
side loads in 1885, but rare in 1886, Foote. 
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Fetalostemon villosus, Xutt. Winona county, Mrs. Dice, 
Astragalus flesaosos, Djug. Montevideo, Chippewa county, Moyer. 
Hedysarum boreale, Nutt. White Earth, Allen, 
Lathyrus maritimus, Bigelow. North half of Red Lake, Upham. 
Lathyros paluster, L., var. myrtifolius. Gray. Chippewa county, Moyer, 
Phaseolos perennis, Walt. Lake City, Miss Manning. 
Crateegus Cms-galli, L. Montevideo, Chippewa county, Moyer, 
Ribes gracile, Mx. Chippewa county, Moyer. 

Gauia coccinea, Nutt. Brown county, Juni Chippewa county, Moyer, 
(Enothera fruticosa, L. Lake City, Miss Manning. 

CEnothera alhicaulis, Nutt. Quite abundant, probably introduced, between 
Glyndon and Muakoda, Gedge; a frequent weed along railroads and in wheat- 
fields in northeastern Dakota, Upham. 
Ludwigia palustris, Ell. Lake City, Miss Manning, 

Opuntia fragilis. Haw. Lake of the Woods, in numerous localities, as re- 
ported by Prof. Macouu in letter, Dec. 2, 1884. (See note under O. Rafinesqnii.) 
Sicyos angulatus, L. Red lake, Upham. 
Polyteenia Nuttallii, DC. Dellwood, Ramsey county, Kelley, 
Archemora rigida, DC. Winona county, Holzinger. 
Pimpinella integerrima, Benth. & Hook. Leech lake, Allen, 
Ciyptoteenia Canadensis, DC. White Earth, Allen; frequent in northeast- 
ern Dakota, Upham. 
Aralia racemosa, L. Abundant at Leech lake and White Earth, Allen, 
Comus florida, L., in appendix. J/r. J. S. Harris reports that at least one 
"tree of this sx)ecics formerly grew in Houston county. 

Iionicera Sullivan tii. Gray. Leech lake and White Earth, Allen; Manitoba, 
•Macoun. ^ 

Adoxa Moschatellina, L. Duluth, W, H, Stvitz; determined by Prof. T. C. 
-Porter, 

Galium Aparine, L. White Earth, Allen, 

Oalinm trifidum, L., var. pusillum, Gray. Vermilion lake. A, W. Jones. 
Houstonia purpurea, L., var. longifolia. Gray. Chippewa county, Moyet. 
Honstonia purpurea, L., var. ciliolata, Gray. Moose lake. Northern Pacific 
^txuction, aod Agate bay, Sandberg, 

Xiiatris spicata, Willd. Chippewa county, Moyer. 

Liiatris punctata. Hook. Lake Calhoun, Minneapolis, Miss Butler; Lake City 
vX^^re), Miss Manning. Chippewa county, Moyer. 

Kuhnia eupatorioides, L. Leech lake, AUen, Chippewa county, Moyer, 
Kuhnia eupatorioides, L., var. coiymbulosa, Torr. & Gray. Common in the 
^l^irie region of the state, Leiberg. 

IBupatorium perfoliatum, L. Common at Red lake, Upham, 
Petasites sagittata, Gray. White Earth, Allen ; abundant near Hollson, Pem- 
^ixia county, Dakota, Upham. 

Aster patens. Ait. Lake City (rare). Miss Manning. 

Aster cordifolius, L. liare or absent in the north part of the Red river Val- 
^^» ^ot frequent at Red lake, Upham, that being near its northwestern limit ; 
■*^»^ech lake and White Earth, AUen, 

Aster pnniceus, L. White Earth, Allen; common at Saint HUaire and fre- 
^Xient at Red lake and in northeastern Dakota, Upham ; doubtless also frequent 
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in the Red river valley. Its range extends west to the Bocky monntaiiis in 
British America, Macoun. 

Aster oblongifolius, Nutt. White Earth, Allen; Northeastern Dakota, Up- 
ham. Infrequent. South and west. Chipx)ewa county, Mbyer, 

Aster linariifolius, L. Lake City, Miss Manning. 

Solidago Missouriensis, Nutt. Montevideo, Chippewa county. Moper. 

Aplopappus spinulosns, DC. Abundant on dry, gravelly soil, as the beaches 
of lake Agassiz, in northeastern Dakota, Upham. West. 

Polymnia Canadensis, L. Winona county, Hohsinger. 

Lepachys columnaris, Torr & Gray. Chippewa county, Meyer. 

Coreopsis tlnctoria, Nutt. Dell wood; Ramsey 'county, KeUey, 

Coreopsis trichospema, Michx. Lake City, Miss Manning. 

Bidens Beckii, Torr. Vermilion lake, A. W. Jones; Lake City (rare), Miss 
Manning. 

Artemisia frigida, Willd. Winona county, Holzinger. 

Cacalia atriplicifolia, L. Lake City, Miss Manning. 

Senecio aureus, L., var. obovatus, Torr & Gray. Vermilion lake, A. W. Jones. 

Senecio canus. Hook. '* Veiy abundant on many parts of the prairie region 
^m the eastern part of Manitoba to the Rocky mountains,'' Macoun. 

Cnicus undulatus, Gray. Chippewa county, Moyer. 

Prenanthes crepidinea, Michx. Lake City, Miss Manning, 

Lobelia Dortmanna, L. Bumtside lake. Saint Louis county, A. W. Jones, 

Campanula aparinoides, Pursh. The laige-flowered form occurs at Vermilion 
lake, A. W. Jones. 

Gaylussacia resinosa, T. & G. Winona county, Holzinger. 

Epigsea repens, L. Near Red lake (rare), Upham; also, at an isolated locality 
in Plainview, Wabasha county, Miss Manning. 

Kalmia glauca. Ait. Agate bay, lake Superior, and Vermilion lake, Sandberg. 

Pyrola rotundifolia, L., var. incamata, DC. Leech lake, Alien; common in 
swamps, Vermilion lake. A, W. Jones. 

Pyrola rotundifolia, L., var. uliginosa. Gray. Common at Vermilion lake, 
A. W. Jones. 

Monotropa uniflora, L. Rare northwestward; only one specimen found at 
White Earth, none about Red and Leech lakes, Allen* 

AnagaUis arvensiSy L. Lake City (rare), Miss Manning, * 

Pentstemon grandiflorus, Nutt. Goodhue county, Mrs. Biehardaon. 

Pentstemon acuminatus, Dougl. Chippewa county, Moper, 

Oerardia Skinneriana, Wood. Dellwood, Ramsey county, KeUey. 

Phiyma Leptostachya, L. White Earth, Allen. 

Monarda punctata, L. Winona county, W. C. Scott. 

Scutellaria versicolor, Nutt. Minnesota side of lake Pepin, 1885, Miss 
Manning. 

Leonurus cardiaca, L. Leech lake, AUen. 

Onosmodium Carolinianum, DC., var. molle. Gray. Frequent in northeast- 
em Dakota, Upham, and in Manitoba, Macoun. 

Mertensia paniculata, Don. Vermilion lake, A. W. Jones. 

Myosotis vema, Nutt. Redstone, near New Ulm, Juni. 

Gilia linearis. Gray. (Collomia linearis, Nutt. ) Fort Francis on rainy river, 
and westward, Macoun; Red river prairie, Dawson; also, much east from its 
principal range, at Cannon Falls and Red W^ing, Sandberg. 
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Calystegia sepiam, L., Tar. repens, Giaj. Lake of the Woods and westward, 
Iknvson. 

Physalis Vii^iniana, Mill., var ambigoa, Gray. Plentiful on sandy land 
T>etween Mankato and Minneopa falls, Leiberg. 

Nicandra physalaides, Gsertn. Red Wing, A, W. Jones; Chippewa county. 
Moyer. 

Asclepias speciosa, Torr. East side of Loon lake. Blue Earth county, OedgCf 
Chippewa county, Moytr. 

Chenopodium mbrum, L. Frequent on alkaline land in the Red river val- 
ley, Upham; determined by Mr. Watson. Our plant is the typical species, not 
the yar. hnmile. 

Salicomia herbacea, L. Infrequent, but in some places plentiful, on salty 
4ind alkaline moist land in the northern part of the Red river valley, Upham. 

Amarantus blitoides, Watson. Lake City, Miss Manning. 

Rumex salicifolius, Weinman. Vermilion lake, A. W. Jones; Chippewa 
•county, Moyer. 

Rumex verticillatus, L. Lake City, Miss Manning. 

Ceratophyllum demersum, L. Red river valley, Leiberg. 

Euphorbia glyptosperma, Engelm. Winona county, Holzinger. 

BoBhmeria, cylindrica Willd. Dellwood, Ramsey county, Kelley. 

Betula nigra, L. The first three localities given for this should be trans- 
ferred to B. Intea. 

Finns Banksiana, Lamb. Rev. F. W. Smith of Red Lake Agency states that 
"watab" (see under Larix Americana) is mainly roots of this species of pine? 
but he says that roots of both tamarack and arbor vitee are also used in the 
same way, all being alike called "watab. " Watab river and township no 
doubt refer to the "jack pines" there. 

Juniperus communis, L. Red lake (rare), Upham. 

Zannichellia palustris, L. Doubtlef«s common throughout the state, but over- 
looked, Leiberg. 

Potamogeton Claytonii, Tuckerman. Vermilion lake. A. W. Jones. 

Potamogeton lonchites, Tuckerman. Winona county, Holzinger. 

Triglochin maritimum, L., var. elatum. Gray. Frequent at Saint Hilaire and 
northwestward, Upham. 

Habenaria tridentata. Hook. White Bear lake, Bailey, 

Spiranthes Romanzoffiana, Chamiaso. Lake City, Miss Manning. 

Arethusa bulbosa, L. Aitkin, Miss Beane; Lake City, Mise Manning. 

Cypripedinm arietinum, R. Br. Lake City, Miss Manning. 

Uvularia grandiflora. Smith. Common at mouth of Pike river, Vermilion 
lake, A. W. Jones. 

Uvularia perfeliata, L. White Earth, AUen. 

Juncus bufonius, L.- Sandy lake, close northeast of Minneapolis, Simmons. 

Eriocaulon septangulare. With. White Bear lake, Ramsey county, KeUey; 
in a little pond close to Mahtomedi station (plentiful). Miss Butter. 

Eleocharis panciflora, Watson. Red river-valley, Leiberg; determined by Mr. 
Booit 

Scirpus Torreyi, Olney. White Bear lake, Bailey. 

Sdrpus debilis, Pursh. Saint Cloud, Campbell; determined by Mr. Boo^t 

Garex crus-corvi, Shuttleworth. Chisago county, also Red Wing, Sandberg. 
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Carex oligosperma, Michx. Chisago connty, Sandberg; White Bear lake^ 
BaUey. 

Cinna pendnla, Trin. Swamps in wet woods along the Minnesota river, in 
Blue E^rth county, Leiberg. 

Brachyelytmm aristatum, Beauv. Minneapolis, Simmmu. 

Oryzopsis melanocarpa, Muhl. Saint Cloud, Campbell. 

PhalarU CanarieimSy L. Winona county, Holzinger, 
Azolla Caroliniana, Willd. Winona county Holzinger. 



55 

PLANTS COLLECTED OE OBSEEVED ON HUNTEES' 

ISLAND, BEITISH AMEEICA, 
JULY 26 AND 27, 1886. 

By L. H. Bailey, Jr. 

Galeopsis tetrahit L, About the ruins of the block house. 

Cornus stolonifera Michx, Singular forms. 

Scirpus eriophorum Michx. 

Carex lenticularis Michx, Along the shore, in clumps. 

Carex tribuloides . Wahl. , var. reducta Bailey, Very small form. 

Nasturtium palustre DC. 

Pragaria virginiana Ehrh,, var. illinoensis Gray. 

Melampyrum americanufti Michx. 

Eanunculus aquatilis L. In clear lake water, from a hard bottom. 

Solidago canadensis L., var. procera T. & 6. 

Agrimonia eupatoria L. 

Aster macrophyllus L. 

Spiranthes gracilis Bigelow. 

Alnus viridis DC. 

Scutellaria lateriflora L, 

Elymus canadensis L. 

Oeum nivale L. 

Fraxinus americana L. 

Era:^inus pubescens Lam. 

Acer dasycarpum Ehrh. 

Amelanchier 1 

Habenaria orbiculata Torr. 

Lycopus virginiana L, 

(Enothera biennis L. 

Vaccinium pennsylvanicum Lam. Berries abundant and de 
licious. 

Oryzopsis melanocarpa Muhl. 

Oryzopsis canadensis Torr. 

Poa scroti na Ehrh. 

Poa compressa L. 

Agropyrum violaceum Yaaey. 

Muhlenbergia mexicana Trin. 

Danthonia spicata Beauv. 

Glyceria nervata Trin. 

Olyceria fluitans B. Br. 

Deyeuxia — r-t 

Agrostis scabra WiM. 

Lysimachia stricta Jif. 
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Alnus incana Willd. 

Gktnltheria procnmbens L. 

Solidago lanceolata L. 

Myrica gale L. 

Garex retroT8s,8chw. 

Popnlus tremnloides Michx. 

Populos grandidentata Michx. 

Popnlus balsamifera L. 

Betala papyrifera MarshaU. 

Hordenm jubatum L, 

Phleum pi*ateDse L. 

Epilobium coloratum MuM. 

Epilobium spicatnm Lam. * 

Agrostis vulgaris With. 

Enbns strigosus Michx. Common and productive. 

Chenopodium album L. 

Chenopodium hybridum L. 

Erigeron canadense L. 

Pteris aquilina L. 

Apocynum androssemifolium L. 

Diervilla trifida Mcmch. 

Prunus pennsylvanica L. Very common. 

Prunus virgiuiana L. Not common. 

Corylus rostrata^i^. 

Bromus ciliatus L. 

Ehus glabra L. 

Arctostaphylos uva-ursi Spreng. 

Antennaria plantaginifolia Hook. 

Anaphalis margaritacea B. & H. 

Pinus resinosa AU. Evidently the original timber. 

Pinus strobus L. Not so common as the last. 

Thuya occidentals L. Mostly destroyed. 

Linnsea borealis Gronov. 

Eupatorium purpureum L. 

Cicuta maculata L. 

Pyrola chlorantha Sioartz. 

Polygonum cilinode MicJix. 

Salix rostrata Rich, 

Salix humilis Marshall. 

Salix petiolaris Smith. 

Hypericum canadense L. Veiy small form. . 

Eosa sayi Schw. 

Eosa blanda Ait. 
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ADDRESS. 



PROF. N. H. WINCHELL, 

Dkar Sir: I haye the honor herewith to make another contribution to the ontomologj of 
Minnesota. 

As neither time nor means are yet at hand to undertake a systematio work of the whole 
field of entomology, aa contemplated by the law creating the surrey, I hare, as heretofore, giyen 
special attention only to some group or family, as circumstan^ and literature at hand nu^e it 
possible to do anything like presentable work. The following paper is a second contribution on 
the fkmily of plant-lice, or Aphididte, a preliminary list of which was given in the last annual 
report. The two past seasons have enabled me not only to make some corrections to this list, 
but also several additions, which I have now put in the form of a synopsis of the family as far as 
known to occur in Minnesota. I am aware of the fact that shortcomings will be ftmnd, and 
that probably a too hasty conclusion has been drawn in many cases, but, as this is a first attempt 
of a systematic treatment of our American forms, I have some hopes that it will still be received 
with favor by all who will have occasion to use it, and that it will prove a valuable contribution 
to the entomology of Minnesota. 

In the introduction I have given some general remarks together with explanations of the 
terms more commonly used in describing species, that may be of value to the student not already 
familiar with the terms of entomology. Here I have also added a bibliography of our Ameri- 
can authors treating of the family, as far as known to me, which is also, I believe, a first attempt. 

The species here treated of were mostly collected along the Mississippi river, but the report 
can now be considered to apply to the whole state, with the exception of the northern part, or 
pine district, which has not yet been examined. Two months of the present season spent in 
the western part of the state, mostly along the lakes Big Stone and Traverse, have enabled me to 
add many valuable notes from that pari of the state. 

The gorge of the Mississippi between St. Paul and Minneapolis, formed by the recession of 
the St. Anthony falls, affords probably as favorable a locality for plant-lice as any that can be 
found. The steep h\ufb on either side give the necessary protection and moisture for a variedand 
luxuriant growth of vegetation, making a paradise for the aphidra as well as the student of these 
forms. But as the two cities are rapidly extending over this territory and changing the condi- 
tion of things, I have deemed it fortunate to have had the opportunity to make a thorough col- 
lection before a complete change has taken place. 

In treating of the family in an ascending order, I have departed flrom what is customary; 
but as it is more natural and has advantages there is no need of further apology. 

I am under obligations to Mr. Monell, formerly of St. Louis, but now of Mine la Motte, Mc, 

for many suggestions as well as favors of specimens for comparison. In recognition of Mr. 

Monell as one of our foremost aphidologists I have named a new genus in honor of him, on the 

re-discovery of one of Dr. Fitch's species that for the past thirty years has remained a puzxle to 

entomologists. 

O. W. 0E8TLUND. 
Univebsity of Mixkbsota, 

Minneapolis, Minn., September 27, 1887. 
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INTRODUCTION. 



The AphididsB or plaDt-lice are small soft-bodied insects, com- 
moDly found on the foliage of plants,- on the sap of which they 
feed. Their stndy is of ^reat importance both from an economic 
as well as scientific standpoint. 

The terms ased in treating of the species are in main the same 
as those ased in treating of insects in general; bat as some have 
a special application to th^s family and a few are peculiar to it, 
I shall give a short exposition of those terms commonly used in 
describing species. 

The body of plant-lice, as of insects in general, is divided into 
three principal parts, which are more or less distinct from each 
other. These parts are the head, thorax, and abdomen. 

Head. The head is the front portion of the body, and in the 
family is mostly small, never wider than the thorax. As ap- 
pendages to the head are to be noticed the antennae, eyes and 
beak. 

Antennje. The antennae are fili-form, jointed appendages 
inserted in front of the eyes. Some of the best characters for the 
distinction of both genera and species are drawn from them. In 
length they vary from hardly longer than the head to more than 
twice the length of the body. In the number of joints they vary 
from only three in Phylloxera to seven in the greater number of 
genera. They are inserted directly on the head, or on a pro- 
longed or raised lobe called the frontal tubercles as seen especially 
in the Nectarophorini. The two basal joints are always short; 
the third is as a rule the longest, and the fourth, fifth and sixth 
each respectively shorter; the sixth short, and nearly always 
with a small contraction at the end called the unguis or nail, 
which is shorter than the joint. The seventh joint*of the seven- 
2 



jointed antennse is really the same thing as this nngais of the 
six-jointed antennse, but here prolonged so as to be as long or 
longer than the sixth, and in some of the higher genera even 
longer than the third. When thus, it is convenient to consider 
it as a separate joint as is commonly done by entomologists. 
This joint is always much narrower than the other, setaceous 
and often imbricated. The relative length of the joints is in 
most cases quite constant and gives good specific characters, but 
in some of the higher genera they vary so much that it is only 
by taking the average of a number of specimens that we can get 
measurements of any value. On the very tip of the antennae are 
always found two short h^irs that dififer from those of the other 
joints, and which evidently correspond to the more conspicuous 
bristles of the Psyllidse. In nearly all cases the antennse are 
found with a fine pubescence scattered over the joints, but not so 
as to be readily noticed; in only a few cases, as in Chaitophorus, 
does this pubescence become so decided as to be of generic value. 
The third joint, and often the fourth, fifth and sixth, are sup- 
plied with sense pores, or small circular spots covered by a 
membrane, and look very much like the ocelli of the head. In 
the following pages I speak of these as sensoria. They are con- 
sidered by entomologists to be organs of smell or hearing, or 
both. I have always found them present and they often give 
very good specific characters, though very few writers have yet 
made use of them in describing species. In living specimens 
they are often difficult to observe, but in specimens mounted in 
Canada balsam they are most beautifully brought out. In 
form they are usually small circular, but often large oval or ir- 
regular, giving to the antennse a rough or tubercnlate surface. 
They are nearly always restricted to the under side of the joint, 
and often to a definite number in a single row. Near the tip of 
the fifth, and at the contraction of the sixth joint, one or more 
of these sensoria are always to be found. The antennae of the 
male is often longer and more highly developed than that of the 
female. 

Eyes. The sense of sight is strongly developed in the Aphid- 
idjB. The compound eyes are large, hemispherical, situated on 
the side of the head, and always present except in a few root- 
inhabiting species, where they are either much reduced in size or 
altogether wanting. On the back part of each eye some of the 
lenses are slightly raised above the general surface forming the 



<Mmlar tubercles. The winged forms are in addition always pro- 
vided with three simple eyes or oceUi: one near each of the com- 
pound eyes, and one on the vertex or front of the head. In 
many of the lower geners^ they are not very readily seen, but in 
some of the higher they are very conspicuous. Why the winged 
form should be provided with these simple eyes in addition to 
the compound has not yet been answered to satisfaction, but it 
appears very probable that they correspond to the nocturnal 
eyes of the Arachnida, and that it is as such that they are made 
use of. 

Beak. One of the principal characters of the order to which 
the present family belongs, is the modification of the mouth parts 
into a beak by means of which, they suck the juices on which 
they live. The beak is situated on the under side of the head, 
and when not in use is commonly folded close to the body be- 
. tween the legs. The external part of the beak is composed of 
three joints, which are channelled on the inner surface for the 
reception of four very fine piercers or setce, by means of which 
the leaf or bark is punctured and the sap is drawn up into the 
body. In length it varies from very short to much longer than 
the body in some of the foreign species. Some good generic and 
specific characters can often be drawn from it. It is present in 
all the forms and in both sexes, with few exceptions. 

Thorax. The thorax is the second of the three grand divis- 
ions of the body, and is itself divided into three parts or seg- 
ments. The first of these is the protharaxj or the segment next 
to the head^ with which it is united by a membrane that is 
usual of a paler color. The upper surface of the prothorax is 
smooth and hard, like the rest of the thorax, and is called the 
pronotum. On either side of the prothorax there is often seen a 
tubercle which is spoken of as the lateral tubercle, but although 
its presence or absence is constant, not much use has yet been 
made of it in classification. This segment supports the first 
pair of legs and is usually small, narrower than the head, but 
in Ghermes it is as large as the mesathorax and in Monellia 
almost as well developed. The second segment is the mesathorax 
and is always well developed. It supports the wings together 
with the second pair of legs. The upper surface is smooth and 
divided into four lobes, of which the two lateral ones are the 
largest and contain the strong muscles of the wings; the hind- 
most lobe, which is usually transverse or triangular in form, is 



sometimes referred to as the scuteUum. The third segment or 
metathorax is closely united with the second, but not much of it is 
apparent externally; It supports the third pair of legs. 

The thorax is sometimes low and flat, on the same level with 
the rest of the body; again it is much raised or arched as is seen 
especially in the PemphegineB. 

Wings. The wings are four in number, of which the front 
pair are much larger than the hind pair. They are membranous, 
often very thin or hyaline so as to be iridescent. Without color, 
but often the veins are of a deep black, or with a smoky border 
on each side; more rarely with spots or patches of black or 
smoky brown across the disk, as is seen in many of the Gallip- 
terini. In the lower genera the wings are short and broad, but 
in the higher genera they become much longer and narrower. 
The veins are few in number and afford Qome of the best char- 
acters for the separation into sub- families; they are all smooth,, 
with exception of a series of fine hairs on the sub-costal of the 
fore- wings that I have noticed in some of the PempheginaB. The 
first vein running along the front margin of the fore wings, is 
called the costal vein; and parallel with this one is a second vein 
called the subcostal. This second vein near the apex of the wing- 
expands, uniting with the costal, forming a slightly thickened or 
darker colored surface called the stigma. In some of the Cher- 
mesinse the stigma becomes excessively large, allying them with 
the half coriaceous wings of the Heteropterous Hemiptera. 
From the sub-costal there runs across the disk of the fore wings 
two or three oblique veins called the discoidal veins. The two 
nearest to the insertions of the wingsare always simple; the third 
discoidal, or cubital vein as it is also called, is altogether want- 
ing in the Chermesinoe, simple in the Pemphegina?, with one 
branch in the Schizoneurinoe, and with two branches in the two 
highest sub-families. The short vein arising from the stigma is 
called the stigmal vein; it becomes in a few cases very obscure or 
subobsolete, very rarely altogether wanting. The veins of the 
hind wings are made to correspond with those of the fore wings, 
but there are never more than two discoidals, and the stigma and 
stigmal veins are also wanting. In normal specimens the veins 
are very constant, but occasionally abnormal specimens will be 
found with one or more of the usual veins partly or wholly want- 
ing; or again with supernumerous veins or branches. Thus the 
cubital vein is sometimes seen with three branches instead of 
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two; the stigmal has also been found with one branch. By com- 
paring a number of specimens in such cases the normal vena- 
tion will always become apparent. 

The cells, or spaces between the veins, are rarely referred to in 
descriptions. 

On the front margin of the hind pair of wings there is a slightly 
raised and thickened place from which two or more fine hooks 
arise, which fasten into a corresponding fold on the posterior 
margin of the fore wings, thus making a continuous surface of 
the two wings in flight. 

When at rest the wings are, in most cases, held in a slanting 
perpendicular position over the abdomen; in some cases they are 
folded flat or horizontally upon the abdomen. 

Legs. The legs are six in number and supported by the 
thorax, as has already been stated. They are rather short in the 
lower genera, but long and slender in the higher. Sometimes 
they are quite smooth, but more commonly with numerous fine 
hairs, or even hirsute. The first small joint by which'they are 
united to the thorax is called the coxa; the first long joint is the 
feinur and the second the Ubia, The tibia supports the tarsus 
which is two jointed, but the second joint is often very small and 
inconspicuous ; the tarsus is always furnished with two long and 
stout claws. In asingle genus, Mastopoda, the tarsi are atrophied, 
the peculiar structure of which will be more fully treated under 
the genus. 

Abdomen. The series of segments following the thorax is 
called the abdomen and formes the third principal division of 
the body. In shape it is usually oval or ovoid, and capable of much 
distention by food, eggs or pseudova, so as to be much larger than 
the rest of the body. On either side there is often a protruding 
edge or fold, and when thus the abdomen is said to be margined. 
The upper surface, or dorsum, is often furnished with tubercles or 
patches of a difiTerent color that give us good specific characters. 
The last segment, especially in the oviparous female, is furnished 
with two smooth horny plates called the anal plates. In some 
cases, as in Callipterus, the abdomen is much drawn out into a 
kind of ovipositor enabling the insect to dispose its eggs between 
the crevices of the bark. The appendages of the abdomen de- 
serving special mention are the honey-tubes and the style. 

Honey-tubes. The sixth abdominal segment has on the dor- 
sal side two openings, usually raised more or less above the sur- 
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face as tubes, called the honey ttibea.* What their use may 
be to the insect does not yet seem to be clearly made oat, though 
many curious and ingenious hypotheses have been brought for- 
ward by dififerent writers, but which I can not here produce nor 
discuss. Evidently they are some kind of secretory organs, as 
the sweet liquid they give off is much sought for by ants. In 
some cases the honey-tubes are altogether wanting, or simply 
circular openings on a level with the surface of the abdomen, and 
often obscured by pulverulent or flocculent matter with which 
the abdomen in such species is commonly covered. When 
slightly raised above the surface it is said to be tubercle-like; or 
when longer than broad it varies from moderately long to very 
long as is seen in most of the Nectarophorini where they are 
often half the length of the whole body. In form they are 
usually cylindrical, but in some cases enlarged near the base, in 
the middle, or near the apex, when they are said to be clavate. 
The apex is sometimes simply truncate, again expanding into a 
narrow flat rim, or more broadly expanding and trumpet-like; 
more rarely it is round or knob-like. Usually the tubes are 
opaque, more rarely transparent so that the liquid globules can 
be seen through them. The surface is smooth and shining, more 
rarely imbricated. 

The honey-tubes, which are so characteristic of the family, 
give us some of the best characters for the separation of the 
genera. 

Style. The last segment of the abdomen is furnished with a 
more or less prominent process known as the style. In some 
cases, like the honey-tubes, it is wanting, or not to be distin- 
guished from the last segment of the abdomen, but in most caBes 
it is distinct and conspicuous. In form it is often cone-like, as 
in most of the Aphis; again it is enlarged or rounded at apex, as 
is seen in Callipterus; when it is widest in the middle and more 
or less curved upwards, as in most of the Nectarophorini, it is 
said to be ensiform or falchion'Shaped. The surface is usually 
smooth, but sometimes wrinkled or imbricated, usually with 
several long hairs or bristles. In color it agrees in most cases 
with the abdomen, but occasionally distinct. 



*The9C appendages are known under Beveral different names. Fitch npeaks oC tkem as 
horns; by Englisb writers they are usually called cornicles, nectaries or t^huncles, and most of 
our own writers speak of them as nectaries or honey^tUtes, the last of which I have used in all 
my writings on this family. 



METAMORPHOSIS. 

The four characteristic stages of insect^life in general, the egg^ 
larva, pupa and imago, are greatly modified in the present fam- 
ily, and will reqaire some special terms and explanation. Ordi- 
narily these stages are passed through by each individual, but 
in the present case the same stages comprise a greater or less 
number ol individuals. Moreover the pupa stage is not well 
marked; but this can also be said of the whole order of Hemip- 
tera, in which the pupa is active and but slightly differing from 
the larva, on which account the order is said to have incomplete 
metamorphosis. The three well marked stages in the life of the 
Aphididae are the egg, pseudogyna and inuigo. 

Egg. It is now pretty well established that each species is 
found in the egg at some time or other, though they are known only 
in a comparativel)/ few cases. As in other insects, therefore, 
the egg seems to be the condition in which the winter is more 
commonly passed. In shape they are usually a long oval, about 
as long again as broad, rounded at both ends. The surfao^e is 
very smooth and shining; when first laid pale greenish or yellow, 
but soon becoming shining black. The number deposited by 
each individual varies from one to many, but more commonly 
the number is definite. 

PsEUDOGYNA. The young hatching from the egg never de- 
velops directly into the true male or female, but is always an 
asexual or agamous form that produces living individuals like 
itself without the intervention of the male, and which in turn 
are capable of producing their own kind. This mode of repro- 
duction is continued through a number of generations, and have 
by Lichtenstein, to whom we are much indebted for what we 
know on this subject, been called pseudogynce (false females). 
They are considered as only transitory or larval forms, corres- 
ponding to the larval stage of other insects. 

The different generations of these pseudogynse differ often 
much from each other and have received separate terms for their 
designation. Lichtenstein recognizes four different forms, 
though the number varies in different cases. These he calls: 

Pseudogyna fundatrix. 
Pseudogyna migraiis. 
Fseudoggna gemmans. 
Fseudogyna pupifera. 
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The first of these (jpseudogyna fundatrix) is the immediate issue 
of the fecundated egg. Prof. Riley calls it the stem-mother, as 
it is the foundress of the colony, which the above name also im- 
plies. It is always apterous, and produces the gall in species 
that live thus protected. 

The second form (pseudogyna migrans) differs from the first in 
acquiring wings. Apparently it differs in no respect from an 
imago, as ordinarily understood in entomology by this term, 
and in description of species it is made use of as such, thongh 
theoretically it is still incomplete or a pseudogyna. This form 
takes readily to the wings and thus spreads the colony over a 
greater area. 

The third form (pseudogyna gemmans) following the second, is 
again without wings or apterous. It continues often to produce 
through a number of generations that in all respects are similar 
to each other. It is often but a counterpart of the first form. 

The fourth form {pseudogyna pupifera) is the last generation 
of the pseudogyniE in which the viviparous power is retained, 
but with which it also terminates. The living larvie produced 
by this form develop into the true male and female. 

As before said, the number and relation of these generations 
vary for different genera, and we are yet too little acquainted 
with the extent of this variation to make statements that would 
apply to the whole family. In some cases we have at least one, 
if not more generations, between the first {fundatrix) and the 
second {migrans), like the first in being apterous but differing 
in size and in other respects. In other cases each generation of 
the pseudogyna, as far as is known, acquire wings before repro- 
ducing their own kind, as is the case in Callipterus, Drepano- 
siphum and Monellia. 

In descriptive entomology it has been the custom to speak of 
the wingless forms of the pseudogyna as the apterous viviparous 
female, and of the winged forms as the winged viviparous female. 
Of the true sexes the female is spoken of as the oviparous femnle, 
in distinction from the wingless pseudogyna form. 

Imago. The imago comprises the sexual form, male and fe- 
male. These as soon as full grown pair, and the female deposits 
the eggs and thus closes the cycle. 

The m:ile is either wingod or wingless and often both in the 
same species. The female is as a rule wingless, and would thus 
appear to be less developed than even some of the pseudogyna. 
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bnt cases similar to this we find in every order of insects, even 
the highest, as in Lepidoptera and Hymenoptera. Wings are 
not essential organs and can therefore be wanting in the imago 
stage. 
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SYNOPSIS OF THE APHIDID^ 



FOUND IN MINNESOTA. 



FAMILY APHIDID^. 

AntenDie variable in leogth, three to seven-jointed, filiform^ 
provided with aensoria, ending with two short hairs (j^ili sen- 
suales) that correspond to the two bristles of the Psyllidee. Eyes 
large, hemispherical, placed in front of the antennae, provided 
with an ocular tubercle. Ocelli three and always present in the 
winged form. Beak present in both sexes with few exceptions, 
three-jointed. Wings four in number, membranous, charged 
with few veins; the front pair much larger than the hind pair. 
Tai-si two-jointed (except in Mastopoda which has the tarsi 
atrophied), ending with a double claw. Abdomen with two dor- 
sal openings or honey-tubes on the sixth segment, rarely want- 
ing. Last segment with a more or less prominent process or 
style. 



The six subfamilies more commonly recognized may be separated in the fol- 
lowing manner: 

subterranean species. - Kuizobiin.e. 

in habit. - - - . 2. 



f Winged form unknown; subt< 
\ Winged form known; aerial L 



j Antenna) 3-o jointed; fore wings with only twodisooidals. Chermesinmi:. 

( Antennas 6 or 7-jointed; fore wings with three discoidals. - 3. 

j The third discoidal simple. - - . - Pemphegix.*:, 

( The third dLscoidal branched. - - - - - 4. 

f The discoidal with only one branch. - - Schizoneurinje. 

( The discoidal twice-branched. - - . . 5. 

J Antennae 6-jointed. ----- Lachnix^. 

( Antenna 7-jointed, rarely only 6-jointed. - - - Aphidtn-I?. 
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SubfamUy RHIZOBIINiE. 

Subterranean species, which never acquire wings as ^r as 
known, living on roots of plants. Antennae short, mostly five- 
jointed, or six-jointed when the unguis or spur of the fifth is 
counted as one, as is done by some writers. Beak variable in 
length; eyes very small, inconspicuous, or none; legs short and 
stout,' tarsi with two claws which are sometimes folded so as to 
appear as single, or with only one claw in Bhizobius. Honey- 
tubes wanting. Style inconspicuous or none. Body mostly short, 
convex above, smooth or sometimes hairy or tufted with set» 
or flocculent matter. 

It has been customary to put all such subterranean species 
that are known only in the apterous condition and can not with 
certainty be classified with any of the higher subfamilies into the 
one under consideration. But several of these underground 
species are now known to acquire wings, and have accordingly 
been been classified with the following subfamilies; it is there- 
fore probable that this will be the case with most, if not all, of 
the remaining species as they become better known, as we have 
no substantial character on which to rely except on the supposed 
permanent apterous condition. Of the five or six genera usually 
excepted by European entomologists, only two have been recog- 
nized so far in this country: Bhizobius and Tychea, the last of 
which has a representative in Minnesota. 

Genus TYCHEA Koch, 1857. 

Antenna) short, five-jointed, third joint the longest, or but 
very little difference in any of them. Eyes none or very rudi- 
mentary. Beak rather long and stout. Legs short; tarsi with 
two claws. Honey-tubes wanting. Style small or none. Body 
usually broadly oval, convex above, often with tufts of setae or 
flocculent matter. 

Found mostly on roots of grasses or herbaceous plants, and 
usually in connection with ants. 

1, Tychea radicola Oestlund. 

Tychea radicol^fj Oest. Geol. Surv. Minn., 14th Beport, p. 56, 
1886. 

Antennse five-jointed not counting the spur; third joint the 
longest, but slightly longer than the fourth. Beak long, reach- 
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ing to middle of abdomen, dusky at tip. Abdomen rounded, 
convex above, margined with tufts of white flocculent matter. 
Style very short, globular and slightly hairy. Color very pale 
or white. 

This species, found on the roots of Ambrosia trifida, will be 
easily recognized on account of the tufts of white waxy matter 
around the margin of the abdomen. 

The following species have been described as American, some of which wiU 
require farther study to establish them as good species: 

Tychea paniei Thos., on the roots of Panicum glabrum. 

Tychea erigeronenns Thos.. found on the roots of Erigenm canadense, which may 

be but an immature form ol Aphis middle(onii common on the roots of the 

same plant. 
jRhizohiw lactucsB Fitch, on the roots of lettuce. 
Bhizobiua pose Thos., found on the roots of Poa annua (?). 
Ehizohius eleusinis Thos., on the roots of Eleusine indiea. 

Subfamily CHERMESINJE. 

Antennse short, five-jointed or only three-jointed in Phyllox- 
era. Beak short, never very long, and sometimes wanting in 
the perfect sexes. Eyes nearly always large and prominent. 
Prothorax large, often as much developed as thorax proper. 
Fore wings with three simple oblique veins; hind wings with a 
single oblique vein, wBich sometimes becomes very obscure 
or entirely wanting. Legs short; tarsi with two claws. Honey- 
tubes wanting. 

The subfamily as here defined Includes the Phylloxera, though 
Lichtenstein and others, who have made a special study of this 
genus, consider it as the type of a distinct family — the Phyllox- 
eridse — which I think is likely to be generally accepted as soon 
as the numerous forms belonging here become better known. 
But as the subfamily has been very little studied in reference 
to Minnesota, and besides very little is known in regard to any of 
the species in this country, I treat of it here as customary, and 
more to call attention to the subject than t^ present any addi- 
tional material. 

When the genus Phylloxera be excepted the species are not 
very numerous, but of much interest as found almost exclusively 
on the coniferous trees, and presenting many peculiarities in 
habit and development. As soon as the northern pai*ts of Min- 
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nesota can be examined, which are covered with coniferous trees, 
we can expect a rich field, and much valaable matter in oar 
knowledge of these insects. 

When Phylloxeiti be included the subfamily will naturally fall 
into two tribes, Chermesini and Phylloxerini, recognized by the 
number of joints to the antennsB. We have only a single genus 
to each of these tribes as represented in thisr country. 

C^nus PHYLLOXERA Fonscolombe» 1841. 

AntennfiB short, not more than one-third or one-fourth the 
length of the body; three-jointed, the first and second short and 
nearly equal, the third or terminal much the longest, imbricated, 
and with a large sensoria near the base and a much larger one. 
near the apex. Eyes well developed in the winged insect, but 
small and rudimentary in some of the apterous. Beak moderately 
long, entirely wanting in the perfect sexes. Legs very shoi*t; 
tarsi one-jointed, furnished with two claws, two capitate bristles, 
or long hairs, and with a cushion-like pad or pul villus between 
the claws. Wings thin and delicate, large in proportion to the- 
size of the body, folded horizontally when in repose; fore wings 
with a well marked subcostal and three oblique veins without 
any branching. The first and second of these oblique veins are 
sometimes united so that the second appear to be a branch of the 
first. Hind wings with a veinless subcostal. Honey-tubes want- 
ing. The form of the body varies considerable, from globular 
in the early apterous form, to fusiform or ovate later on in the 
season. Most of the species form galls on plants, attacking not 
only the leaves but also the roots, as is the case with the well- 
known and so destructive grape Phylloxera both in this country 
and on the continent. 

Only one species has been observed in Minnesota, but I doubt 
not that several will be found, especially on the leaves of the 
oak and hickory, here as elsewhere. 

1. Phylloxera prolifera n. sp. 

Apterous fcnudes. Color very pale lemon-yellow, smooth, con- 
vex above, especially in front, tapering behind into a rather long^ 
ovipositor. Eyes as a very small black spot. Antennae short 
and fine, 3-joiuted: 10.05""", II 0.05"", III 0.10"". Beak 
short and thick, about 0.10""; the set® very long when ex- 
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tended, at least as long as the body, brownish. Legs short; 
tarsi with two rather small claws, and with the two capitate hairs 
as usually in the genus. 

Found in the galls of Femphig^is popuUcaulis Fitch during the 
fall after the pemphigiens have left or become destroyed. Usually 
but one female, or at most a few, waif to be found in the gall to- 
gether with a great number of pseudova in a pile that often 
would be several times the female in bulk. The pseudova are 
greenish-yellow when first laid, but soon become decidedly yellow 
before the larva frees himself from the covering. Their length 
is about 0.45™", and breadth 0.25™™. I think this is the same 
species as mentioned by Prof. C. V. Riley as found in the galls 
of Pemphiffus popiUi-tramcersits Riley,* which seems to take the 
place of the above named gall in the western and southern states. 
The insect was found not only in the galls fallen to the ground, 
as was the case by those observed by Prof. Riley, but more often 
in those still remaining on the tree. Time did not allow me to 
give any special attention to this interesting species, but I think 
it can nevertheless be recognized from the above short description 
on account of its peculiar habits. It is very probable that the 
early stages will notobe found in connection with the galls, but 
on some other part of the tree, or even on some other tree, as 
migration from one tree to another appears not to be rare in the 
present genus. 

Genus CHCRMES Linnaeus, 1748. 

Antenna) short, stout, composed of five joints, the two first 
short, the third, fourth and fifth not much longer, and nearly 
sub-equal. Eyes conspicuous in winged form, sometimes want- 
ing in the apterous. Beak short and stout ; the setae when ex- 
tended are somtimes two or three times the length of the body 
Thorax much developed, especially the prothorax. Fore wings 
unusually broad; the costal rounded; the subcostal stout, ending 
with a broad stigma; the cubital wanting, but the long stigmal 
vein has the position and appearance of a cubital; two discoidals. 
Hind wings with but one discoidal. Legs short, tarsi with two 
claws. Honey-tubes wanting. 

The species are not very numerous, and almost without ex- 
ception confined to coniferous trees. The body is usually covered 



•See Bull. U. 8. Geol. and Geogr. Surv. of the Terr., Vol. V., No. 1, p. 1?. 
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by a flocculent oxudation. "No representative of this genns has 
yet been observed in Minnesota, bat most of the species known 
will, without doubt, be foand in the northern half of the state 
so rich in coniferous trees. 

The following species belonging to the Chermesime have been recorded as 
American: — 

Phylloxera viii folia (Fitch). The grape Phylloxera. 
Phylloxera casianim (Hald.). On the chestnut. 
Phylloxera caryipcaulis (Fitch). On the hickory. 
Phylloxera carywvtnas (Fitch). On the hickory. 
Phylloxera carysefoliw Fitch. On the hickory. 
Phylloxera caryteglohuli Walsh. On the hickory. 
Phylloxera caryteaemen (Walsh). On the hickory. 
Phylloxera carysefallax Riley. On the hickory. 
Phylloxera caryteglobosa (Shimer). On the hickory. 
Phylloxera spinosa (Shimer). On the hickory. 
Phylloxera carywsepta (Shimer). On the hickory. 
Phylloxera forcaia (Shimer). On the hickory. 
Phylloxera depressa (Shimer). On tlie hickory. 
Phylloxera conica (Shimer). On the hickory. 
Phylloxera caryuegummosa Riley. On the hickory. 
Phylloxera caryteren Riley. On the hickory. 
Phylloxera rileyi Licht. On oak. ^ 

Chermes pinicortida (Fitch). On pine. 
Chermes laricifolim Fitch. Larix americana. 
CJiermeM dbietxcolens (Thos.). On spruce. 
Chermes abietis (Linn). On spruce. 

SubfamUy PEMPHIGIN^. 

ff 

Antennse rather short; six-jointed, or rarely only five-jointedj 
the third joint the longest, the sixth usually coming next in 
length when the unguis or spur is counted. In some cases the 
third and following joints are annulated. Eyes large in the 
winged form; often wanting in the gall inhabiting apterous form. 
Beak moderately long, or wanting altogether in the true sexes. 
Thorax usually strongly arched above. Fore wings with the 
cubital simple, usually very hyaline or obsolete at base; the two 
discoidals often starting from the same point, or nearly so. 
Hind wings with two discoidals. except in Hormaphis, where 
there is but one. Legs short, tarsi with two claws and some- 
times with a pair of capitate hairs as in Phylloxera. Honey- 
tubes wanting. Style inconspicuous or none. 
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This sabfamily constitutes pre-eminently the gall making 
aphides, as most of them construct galls of peculiar shapes on 
various parts of woody plants, mostly trees. 

The genera found in America may be recognized as foUows: 

Hind wings with two discoidals. - - - - Pemphigus. 

Hind wings with only one discoidal. - - - - 2. 
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. Antennae 6-jointed. ----- TKTRANEtJBA. 

Antennse 5-jointed. ----- Hobmaphis. 

Genus HORMAPHIS Osten-Sacken, 18C1. 

Antennse five-jointed, first and second short, third the longest, 
fourth and fifth sub-equal; the three last joints strongly annulated. 
Eyes conspicuous. Beak moderately long. Front wings with the 
simple cubital obsolete at base; the two discoidals starting from 
the same point. Hind wings with a single discoidal, which is 
often very faint and almost obsolete. Legs moderately long; 
tarsi two-jointed, with two claws and a pair of long capitate 
bristles or hairs. Honey-tubes and style wanting. 

Three species are now known, all from America, to which the 
genus appears to be peculiar. One, found on the witch-hazel 
(Hamamelis virginica)^ forms a gall on the leaves, and a second 
species on the same plant forms a gall by a deformation of the 
fruit-bud in autumn. A third specias, described now, as I think, 
for the first time, forms no true gall, but finds a somewhat simi- 
lar protection by corrugating the leaf under which it is found. 

1. Hormaphis pap^T'aceae n. sp. 
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Antennae nearly one-half the length of the body, about 0.60' 
III 0.25™'", IV 0.12"'", V 0.13™", all the joints of nearly the 
same thickness; III with about twenty-five annulations, and the 
two last with about the same number together; the last joint 
with no apparent constriction or nail. Eyes dark brown. Beak 
rather short, appearing to rise from between the first pair of 
legs. Thorax very high, convex above, all black. Fore wings 
with cubital obsolete for nearly half its length; stigma long and 
narrow, pointed. Hind wings with two booklets. Abdomen 
blackish, covered with a pulverulent and flocculent substance. 
L^s moderately long, black; tarsi two-jointed, with two claws 
and two superior capitate hairs. Honey-tubes and style want- 
ing. Length of body 1.30""; to tip of wings 2.30"". Larvae 
blackish, very fiocculent, especially on the last segments. 
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Found on the under side of the leaves of birch {Betula papy- 
racea Ait.)» corrugating them between the veins, forming long 
folds, in which the lice are packed as close as it is possible for 
them to be and at the same time to reach the leaf with the beak. 
Being also abundantly covered by a flocculent substance, es- 
pecially the apterous form, they find undoubtedly a good pro- 
tection between these plications of the leaf. The first winged 
form was taken in the early part of June. 

Genus PEMPHIGUS Hartig, 1841. 

Antennte moderately long, not more than half the length of 
the body, usually shorter; the third joint the longest, the sixth 
next in length, and always with a contraction or nail like process 
at apex; sometimes annulated, but more commonly smooth or 
only with transverse sensoria, which sometimes give to the 
antenn£e a very tuberculate and uneven surface. Eyes large in 
winged form, but often rudimentary or wanting in the apterous. 
Beak moderately long. Thorax much developed, arched above 
and with conspicuous lobes. Front wings with the cubital sim- 
ple; the two discoidals arising from nearly the same point. Hind 
wings with two discoidals. Legs moderately long; tarsi two- 
jointed, and with two claws. Honey-tubes wanting. Style very- 
small or none. 

The species of this genus are more readily recognized from the 
peculiar galls that they produce than from any character that we 
can find in the insect. The species found in Minnesota may be 
separated as follows: 

Unguis of tlie sixth joint longer than the joint; prodacing a laige irreg- 
ular gall on the end of twigs of the poplar. - P. VAQABUNDUS. 

Unguis shorter than the joint. - - - -• - 2. 

All the joints of the antennsc with transverse sensoria; size smaU; pio- 

a -I ducing a smooth and regular gall on the leaf of sumach. - P. BH0I8. 

The last joint never with transverse sensoria; size larger. - - 3. 

Cubital arising from tlie same p(»int as the second discoidal; prodacing a 

3 -{ pseudogall by curling the tenninal leaves of ash. - P.FBAXIKIFOLII. 

Cubital separate or obsolete at base. - - - - 4. 

Contraction of the sixth joint abrupt, the joint being thickest at the apex; 
producing a glol)u1ar gall by tlie twisting of the petiole near the base of the 
leaf of the poplar, and hence with a broad and oblique opening. 

P. POPULICAULIS. 

Contraction of the sixth joint gradual, the joint being thickest below the 
apex; producing an oval or globular gall on the petiole of the poplar with a 
small transverse opening. - - - P. P0PULI-TRANSVSB8US. , 
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1. Pemphigus populicaulis Fitch. 

Pemphigus populicaulis Fitch. Ins. N. Y., 5th Report, § 353, 1859. 
Bipriocrypta {pemphigus) populicaulis Walsh. Proc. Ent. Soc. 
Phil., Vol. I, p. 305, 1862. 

Antennse short, third joint with about six transverse sensoria, 
and the fourth with about half as many; the sixth joint is narrow 
at base gradully widening to the apex, where the contraction is 
abrupt, forming the short unguis; III 0.18"", IV 0.10"", 
V 0.10"", VI 0.18"" wit& the unguis. Fore wings with 
the two discoidals arising close together, the third obsolete at 
base; stigma rather short and broad. Head and thorax black. 
.Abdomen greenish, pulverulent. Expanse of wings about 6""". 

The gall produced by this species is the globular swelling so 
often seen on the petiole near the base of the leaf of cottonwood 
(^Populus monilifera). It is formed by the folding or twisting of 
the petiole, the edges coming together obliquely to the base of 
the leaf forming a broad opening or mouth. 

2. Pemphigus populi-transvcrsus Riley. 

Pemphigus populi-transvet'sus Riley. Bull. U. S. Geol. Surv. 
Terr., Vol. V, p. 15, 1879. 

Antennse similar to the foregoing species (P. populicaulis), but 
third tbd fourth joints with fewer transverse sensoria; the con- 
traction of the sixth joint is more gradual, the joint being widest 
below the apex near the middle, and the unguis longer. Fore 
wings with the two discoidals arising close together; the cubital 
obsolete at base; stigma rather long and narrow. Expanse of 
wings 7 "". 

This species is slightly larger than the foregoing, but in other 
respects quite similar; like it also, pruinous, especially so in the 
apterous form. The gall is also similar in size and form, pro- 
duced on the petiole near the base of the leaf of cottonwood 
(^Populus monUifera and balsamifera). The swelling causes a 
carving of the petiole, and the mouth is a small opening trans- 
verse to the petiole or, parallel to the base of the leaf. 



22 
3. Pemphigus vagabundus (Walsh). 

Byrsocrypta vagahunda Walsh. Proe. EDt.|^ Soc. Phil., Vol. I, p 

306, 1862. 
Pemphigus vagabundm Packard. Guide to the study of Ins., p. 

524, 2d ed., 1870. 

AntenntE about half as long as the body; third joint with 8-10 
transverse sensoria, fourth with only a few; sixth joint, with the 
unguis, as long as the third; the unguis as long again as the 
sixth joint; III 0.30""», IV 0.10"% V O.OS"", VI 0.30°^, of 
which theunguis measures at least 0.20""". Beak reaching second 
coxae. Head and thorax black. Abdomen paler. Wings very 
hyaline, with thin and almost imperceptible veins except costal 
and subcostal which are slightly smoky; stigma rather narrow. 
Second discoidal originating near to the first. Length of body 
about 1.75"°'; expanse of wings about 7"". 

The species described by Walsh as vagabunda is evidently 
something else from that producing the large irregular gall on 
the end of twigs of poplar to which the name vagahunda has also 
commonly been applied. It was first described from specimens 
taken on various forest trees without knowing the gall, and it 
was not till sometime afterwards that the connection was made 
between the two. Moreover the specimens described by Walsh 
were taken in September, when it has been supposed the ^nged 
insect made its appearance, but as I have found the galls empty 
and beginning to turn black already in August, it is evident 
that the species of this gall appears much earlier. 

The galls are very common in and around Minneapolis, and I 
had hopes of making out the life history during the present 
season, but from my absence during the greater part of the 
season I was unable to do so. On my return in August I found 
all the galls deserted with only castings and occasionally a dead 
specimen. In one gall I thus found a great number of winged 
specimens from which I have given the above description. All 
the castings* also agree with the same, and are so strongly 
characterized by the long unguis of the sixth joint that I have 
no doubt that this is the true species of the gall in question. 
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4. Pemplilgrus rhois (Fitch). 

Byrsoci-ypta rhois Fitch. Month. Joarn. N. Y. St. Ag. Soc, p. 

73, Aug., 1866. 
Melaphis r/iow Walsh. Phil. Ent. Soc, Vol. VI., p. 281, Dec, 1866. 
Pemphigus rAaw Packard. Guide to the study of Ins., p. 524, 2d 

Ed., 1870. 

Ant'CnnsB about half as long as the body; joints 3-6 with 
numerous transverse sensoria that almost encircle the joints; 
the unguis short but distinct; the normal six-jointed antenna 
measures on an average. III 0.12°"°, IV 0.10"™, V 0.10"", VI 
0.15"". Fore wings with the cubital obsolete at base; the two 
discoidals arc not as close together at base as usual in this genus. 
Hind wings with the position of the veins normal; second discoi- 
dal obsolete at base. Length of body about 1"", to tip of wings 
2-2.50 "". 

A small species that makes a smooth, thin walled gall on the 
underside of the leaf of sumach (^Rhus glabra) usually near the base 
of the leaf, varying from half an inch to an inch in diameter. It 
departs somewhat from a typical Pemphigus, and was made the 
type for a new genus by Walsh, though a variation in the num- 
ber of joints alone will not warrant a separation in this case. 
The normal number of joints is six, but often some are found 
connate so as to be but five-jointed and more rarely only four- 
jointed. 

5. Pemphigus fraxiuifolii Riley. 

Pemphigus fraxinifolii Riley. Bull. TJ. S. Geol, Sur. Terr., Vol. 

v., p. 17, 1879. 
Pemphigus fraxiiiifolii Thomas. Ins. 111., 8th report, p. 146 and 

210, 1879. 

AntennsB about half as long as the body; joints 3-5 with trans- 
verse sensoria, but less distinct than usual; III 0.25"", IV 0.12"", 
V 0.15"", VI 0.18"" including the unguis of the usual length. 
Head and thorax dusky or black, abdomen dark green varying 
to yellowish green. Beak reaching second cox(e. Wings hyaline, 
with slender veins; the third discoidal subhyaline at base, aris- 
ing from nearly the same point as the second discoidal; stigmal 
vein subobsolete at base, arising from the middle of the stigma, 
nearly straight. Hind wings with the two discoidals arising from 
the same point. Length of body 2""; to tip of wings 3" 
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Found on the terminal leaves of ash (Fraxinus aniericanuB) 
causing them to curl and form a pseftdogall. The insects are 
much covered with aflocculent matter, and exude an abundant 
liquid as in Schizoneura americana, with which species it would 
appear to agree in habit. 

The foUowiug species of Pemphiginse haveljeen recorded as American though 
not yet found in Minnesota: 

Tetraneura vlmi (Linn), producing a smaU pedunculated gaU on the leaves of 

elm. 
Tffrancura graminis Monell, on the leaTCS of Aira caespitosa and AgrosLis jdumasa, 

enveloped in a cotton-like secretion. For a notice of these two species see 

the Can. Ent., Vol. XIV., p. 16. 
Uoj-maphia hamamelidis (Fitch), producing a conical gall on the leaves of witch- 
hazel (Hamamdia virginica). 
JTormaphis spinoaua (Shimer), producing a gall on the stem of the same plant in 

autumn, being a deformation of the fruit bud. 
Pemphigus tesselcUa (Fitch), found on the branches of alder {Alnvs rubra). 
Pemphigus imbricaior (Fitch), a flocculent species found on the under side of the 

branches of beech (Betula), 
Pemphigus popularia Fitch, the gall of which is not known;. described from 

specimens found on trunk of poplar. 
Pemphigus popuH-globuli Fitch, producing a globular gall on the upper surface, 

near the base of the leaf of poplar (Populus bcUsamifera). 
Pimphigus popuU'Vensz Fitch, producing an oblong compressed gall on the mid- 
vein of the leaves of poplar {J^opulus balsatriifera). 
Pemphigus pseudobgrsa Walsh, prodacing a smooth, semicircular, compressed 

gall near the mid- vein of the leaves of poplar (Populus angulata). 
Pemphigus formicarius Walsh, and 

Pemphigus formicetorum Walsh, found in the nest of ants. 
Pemphigus lUmi-fusus (Walsh), producing a spindle-shaped gall on the upper 

surface of the leaves of red elm. 
Pemphigus populi-monilis Riley, producing a series of small galls on the uppei* 

side of the leaf of the narrow-leaved cotton wood {Populus balsamifera). 
Pemphigus populi ramulorum Riley, forming an irregular globular gaU on the 

twigs of Populus balsamifera. 
Pemphigus acerifolii Riley, a flocculent species on the under side of the leaves 

of Acer dasycarpum^ causing them to curl. 
Petnphigus aceris Monell, on the under side of limbs of hard maple, enveloi>ed 

in wooly matter. 
Pemphigus rubi Thomas, on the under side of the leaves of Rvhus occidenialiSf 

along the mid- vein. 
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Subfamily SCHIZONEURIN^E. 

Antenna short, not more than half the length of the body and 

mostly shorter, six-jointed, the last with a short spur; usually 

annulated and with transverse sensoria, or when not annulated 

with circular sensoria. Beak moderately long, wanting in some 

of the sexual forms. Fore wings with two discoidals usually 

arising from near to each other; the third or cubital with one 

branch, obsolete at base. Hind wings with one or two discoidals. 

Honey-tubes rudimentiiry or wanting. Style none. 

Most of the species are found with a flocculent matter, though 
3ome are only pulverulent. A few produce galls as in the pre- 
oeeding subfamily, but more commonly they only curl the leaves 
OT are protected by their flocculent exudation. Several of the 
subterranean species belong here. Some aphidologists would 
I xiclude this subfamily with the Pemphigin®, principally on 
ccount of similarity in habit and development, but I prefer 
ith others to consider it as distinct. 

The two genera foand in America may be distingnished as follows: » 

ind wings with two discoidaR Schizoneuba. 

ind wings with only one dlscoidal. CoLomA. 

Genus COLOPHA Monell, 1877. 

Antennse short, not reaching beyond the thorax, strongly an- 

ulated; third joint the longest and about as long as the three 

Allowing. Beak short. Fore wings with the two discoidals 

rising from nearly the same point. Hind wings with only one 

iscoidal. Honey tubes and style wanting. 

Only two species are known in this genus, and one of these 

brms a true gall on the elm. The oviparous female produces 

at one large egg in the fall. 

1. Coloplia ulmieola (Fiteh). 

-^yrsocrypta ulmieola Fitch. Ins. N. Y., 4th Report, p. 63, §3-1:7, 
1858. 

3!helax€B ulmieola Walsh. Proc. Ent. Soc. Phil., Vol. I., p. 305, 
1862; American Entomologist, Vol. I., 1869. 

Colopha ulmieola ^loneW. Can. Ent., Vol. IX., p. 102, 1877. 
6 
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Glyphina ulmicola Thomas. Ins. 111., SthEept., p. 142 and 204, 1879. 
Colopha compressa Lichtenstein and other European authors; 
Monell, Can. Ent., Vol. XIV., p. 15, 1882. ♦ 

Antennae reaching to the insertions of the fore wings, strongly 
annnlated; the third joint the longest, about as long as the three 
following joints. Fore wings with the cubital once- branched, 
obsolete for s^me distance at base; the two discoidals close to- 
gether at base. Hind wings with only one discoidal. Honey- 
tubes wanting. Expanse of wings 3-4"". 

This species produces the well-known cock's-comb gall on the 
upper surface of the leaf of elm (JJlmus avfierieana). Placed 
between two parallel branch veins of the leaf, the opening is 
always a long slit on the under side parallel with these veins. 
The gall above is about one inch long by one-fourth as high, 
compressed and with numerous perpendicular folds or wrinkles, 
the summit cut-toothed. 

There has been great diversity of opinion in regard to the 
generic position of this species, as will be seen from the above 
synonyms. Some of the latest writers in Europe have considered 
Koch's compressa as identical with our ulmicola, which opinion 
I followed in my list of the family in the 14th annual report of 
the survey. But Mr. Monell, the author of the genus as now 
recognized, writes me: '*I think our European friends have been 
a little hasty in calling compressa and ulmicola identical. I 
doubt it very much." As far as my own observations go, I 
think it is distinct. 

l^ot observed to be as common here in Minnesota as further 
south. 

Genus SCHIZOXEURA Hartig, 1841. 

Antenuoa sometimes half as long as the body, but usually shorter; 
third joint the longest and often as long as the three following 
ioints; annulated and then with transverse sensoria, or smooth 
when they are circular. Beak moderately long, but often reach- 
ing third pair of coxae. Fore wings with cubital once branched, 
mostly obsolete for some distance at base; the two discoidals 
close together at base. Hind wings with two discoidals. Honey- 
tubes rudimentary or wanting. 

Most of the species are covered with flocculent or wooly mat- 
ter. In habit the genus shows a great diversity; some are found 
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on leaves with or without curling them, others on the twigs or 
limbs under cover of their wooly matter, not a few are subterra- 
nean on roots of grasses or trees, and Mr. Walsh describes one 
specdes as inhabiting the fungus. 

The five species found in Minnesota may be recognized as follows: 

r Antennae annnlated; sensoria transverse. - . - - - - 2. 
\ Antennse not annnlated ; sensoria circular. ----- 3. 

r Cubital ol)solete at base. ------ S. Americana. 

\ Cubital not obsolete. - S. crat.egi. 

{Abdomen with a patch of velvety black al)ove. - - - S. corni. 
Abdomen of uniform color. --------4. 

J All black ; aerial. S. qterci. 

\ Abdomen greenish; snbtemmean. - - - - S. panicola. 

1. Schizoiicura aiuerieaua Kiley. 

Schizo/ieura'americana 'Riley. Bull. U. S. Geol.Surv. Terr., Vol. 
v., p. 4, 1879. 

Head and thorax black; abdomen reddish brown. Antennt© 
reaching the abdomen; third joint the longest and longer than 
the three following; I[I 0.45""», IV 0.12""', V (Lia™™, VI 0.10"""; 
third fourth and fifth jointii strongly annnlated, there being 
about 22 annules to the third. Beak rather long. Cubital vein 
of fore wings ol>solete for some distance at base, rarely tracable 
its whole length. Honey tubes sub-obsolete, hardly above the 
surface of the abdomen. 

Found on the under side of the leaves of elm ( Ulmus anierivana) 
causing them to curl, forming apseudogall. When very numer- 
ous they sometimes affect all the leaves at the end of a twig form- 
ing a m^iss, conspicuous on account of the sickly yellowish-color 
of all the leaves thus involved. Strongly pulverulent, and ex- 
uding an abundance of liquid that is found as small globules 
in the gall. Expanse of wings 5-6' 



I mm 



2. Schizonciira eratnegi n. sp. 

Head andthorax shining black; abdomen that is reddish-brown 
in the apterous form, becomes dusky or almost black in the 
winged. Antenme similar to the preceding species but some- 
what shorter; III 0.35™", IV CIO""*, V 0.12"'-, VI 0.10"™. 
Beak reaching third coxie, or abdomen. Wings hyaline, with 

slender veins; cubital of the fore wings can be distinctly traced 
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for its whole length though often very slender, branching from 
about midway of its length. In other respects the wings are 
similar to the foregoing species. Legs and tarsi somewhat 
shorter. Honey-tubes are circular openings but slightly raised 
above the surface of the abdomen. Expanse of wings 6"™. The 
apterous forms are much covered with flocculent matter; the 
winged only pulverulent. 

Found very numerous on the under side of the twigs of haw- 
thorn {Cratcegm punctata). One tree especially, observed during 
September, had almost a continuous row on the under side of 
every twig, and very conspicuous from the flocculent covering 
of tho apterous form. Very similar to Schizoneura americana in 
size and general appearance, but distinct in habit and easily dis- 
tinguished by a shorter antenna and the cubital not being obso- 
lete at base. 

This is evidently not S, lanigera, and I know of no other species 
as found on Crattegus or related plants, and have therefore des- 
cribed it as new. 

3. Schizoneura corni (Fab). 

Head and thorax black; abdomen reddish-brown, with a large 
patch of velvety black covering all of the dorsum except three 
of the first and some of the last segments. An tenure reaching 
to end of thorax; not annulated, hairy, with a single row of cir- 
cular sen^raa on the under side, about six to the third joint, 
three to SRe fourth, two to the fifth, and one at the contraction of 
the sixth; III O.SO-^-", IV 0.12"'", V 0.10™", VI 0.15"", with the 
short unguis. Beak reaching third coxse. Wings hyaline, with 
slender veins; cubital obsolete at base; stigma broad and short, 
smoky. Honey-tubes a circular opening almost on a level with 
the abdomen. Expanse of wings 6-7"". 

This species is very common in the fall during September and 
October. FouAd in great numbers on the under side of the leaves 
of Cjrnus, and also on the wing, when they are caught in great 
numbers in the webs of spiders. It agrees in all respects with 
the description and figure of 8. corni Fab. as given by Buckton, 
and I have no doubt that our species is identical with the Euro- 
pean. Walsh's cornicola is apparently something else. 
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4. Scliizoueura qiieroi (Fitch). 

Eriosoma qiierci Fitch. Ins. N. Y., 5th Report, §306, 1850. 
Schizoneura querci Thomas. lus. 111., 8th Report, p. 139, 1879. 

What I presume to be this species I have taken on several oc- 
casions in the apterous form on oak, but I have never succeeded 
in finding or rearing the winged form. The apterous form i& 
found with much tiocculent matter, as common in this genus, and 
the antenna, as seen from the larva, is not annulated but smooth. 
I add Fitch's notes on the winged form: 

*' The winged individuals are black throughout, and slightly 
dusted over with an ash-gray powder resembling mould. The 
fore wings are clear and glassy, with their stigmaspot dusky and 
feebly transparent, their rib-vein black, and their third oblique 
vein abortive nearly or quite to the fork. It is 0.16 (inch) long 
to the tips of its wings.'' 

5. Scliizoiieura panioola Thomas. i 

Schizoneura panicola Thomas. Ins. 111., 8th Report, p. 138, 1879. 

Head and thorax dusky or black; abdomen pale greenish with 
some bla<-k marking above, on the last segment at least. An- 
tennje reaching to the end of thorax, hairy, third joint the 
longest, the three fellowing subequal; sensoria rather indistinct, 
three or four to the third joint, and usually one or two to each of 
the following. Beak reaching abdomen. Honey-tubes as circu- 
lar openings on level with surface of abdomen, but rather con- 
spicuous from being bordered with a ring of black. Wings hy- 
aline, with slender but distinct veins. Fore wings with the cu- 
bital obsolete for some distance at base; stigma short and broad; 
stigmal vein but slightly curved near the base, straight. Ex- 
pabse of wings about 5™". 

Found on the roots of grasses; more commonly on Panicum 
glabrum also on Setaria fflauca and Enigrostis pectinacea spectabilis. 
The winged form found during September. 

American species of SchizoneuriniB not yet found in Minnesota are the fol- 
lowing: 
Colopha eragrosiidia Middleton^ found on Eragro^is poseoidea megaatachya and on 

some species of Panicum, 
Schizoneura lanigera (Hausmann), the woolly aphis of the apple tree.* 

*Iii 1880 Mr. Mendenhall read a pa|»er before the Minnesota State Horticultural Society on 
plant lice, found in the annual report of the society for that year, in which he speaks of the 
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Schizoneura fuTigicola (Walsh). '^Numerons individuals, anaocompanied by 

larvae, occurred on a laige, moist fungus a hundred yards from the nearest 

trees, which were all oaks." (Walsh.) 
Schi%oneura cornicola (Walsh), found on the under side of the leaves of red osier 

dogwood (Comus). 
Schizoneura rileyi Thomofi, on the limbs and trunk of elm (Ulmus amerieana), 

causing a knotty growth of the wood. 
Schizoneura pinicola Thomas, feeding at the base of the leaves of white pine, 

covered with a flocculent secretion. 

Subfamily LACHNINJE. 

Antennse moderately long, usually half the length of the body 
or a little longer, six-jointed, third the longest, sixth with a 
short spur or unguis as in the foregoing subfamily. Beak long, 
usually reaching to or beyond the third pair of coxab, sometimes 
much longer than the body. Fore wings with the cubital twice 
forked; two discoidals. Hind wings with two discoidals. Legs 
long, esj)ecially the hind pair; tarsi two-jointed, provided with 
two strong claws. Honey-tubes very short and thick, tuber- 
culate, sometimes reduced to a level with the surface of the body, 
and very inconspicuons. Style very short on none. 

This subfamily is intermediate between the last and the next, 
principally partaking of the Pemphigime in the form of the 
antennse, and of the Aphidinse in the venation of the wings. But 
it is readily separated from either, and in habit is quite distinct. 
'None of the species construct galls, or protection of any kind, 
as we find so often in the Pemphiginje, but they are usually found 
on the limbs or the trunks of trees, and their only protection 
lies in their similarity in color with the branch or trunk on 
which they are found. In color they are therefore mostly dull 
gray, brown, or black. In size they are some of our largest 
aphides, often quite clumsy looking, with a small head a^d thorax 
but a very large and broad abdomen. 

Only two genera are represented in America: 
Stigin.ll vein stniight, abdomen bare. - - - - Lachnus. 

Stigmal vein curved, abdomen flocculent or woolly. - - Phyllaphis. 



'woolly apple trc^ louse and other species that are injurious to the horticulturist, but without 
stating if the species had iK'cn found in Minnesota or npt. I hardly doubt that this species is 
already found in the state, as it is common south of us, and it is only from a want of opportunity 
to search for it where it is likely to be found that I do not add it to the list of Minnesota species. 

In the same paiKT Mr. Mendctihall alwo speaks of Pemphigut populi-monilis^ but as this species 
appears to be confined only to the narrow-leaved cottonwood {Populut balsami/cra anffutlifolia), 
a species of poplar not found here, this one at least can hardly refer to Minnesota. 
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Genus LiAGHNUS Burmeister, 1835. 

Antennae usually about half as long as the body, six-jointed, the 
last joint with an unguis or spur at the tip, which is alwaysshorter 
than the sixth. Beak very long, reaching to or beyond the third 
pair of coxae, sometimes much longer. Fore wings with two 
discoidals, a twice branched cubital, and an almost straight 
stigmal vein; stigma unusually long. Hind wings with two dis- 
coidals. Legs very long, especially the hind pair, with long and 
two-jointed tarsi provided with two strong claws. Honey-tubes 
short, not longer than broad, often tuberculate or even wanting. 
Style inconspicuous or none. 

Lachnus is the typical genus of the subfamily, with a rather 
small and narrow head and thorax, but a broad and clumsy 
abdomen, long and slender beak, very long legs. The body is 
nearly always covered with fine hairs, and sometimes also 
slightly pulverulent. Found mostly on branches of trees, but 
occasionally also on the leaves. 

1. Lachnus laricifex Fitch. 

Lachnus laricifex Fitch. Trans. N. Y. Agr. Soc, Vol. XVH, 
§ 288, 1858. 

Antenna*, about reaching to the abdomen, dusky or black 
except at base; third joint the longest, as long as the fourth and 
fifth together; the last joint fusiform and shortest; III 0.50""", 
IV 0.23'°'°, V 0.25'°™, VI 0.15°"". Beak very long and slender, 
1.40°"°, reiiching beyond the third pair of coxoe; pale at base, 
more or less dusky at tip. Eyes black. Legs long and slender, 
with dusky or almost black femora; tibiae pale, except at the 
apex, together with the tarsi, black; tarsi very long (about 
0.30"°, front pair), with two strong claws. Expanse of wings 
about, 9™°. Fore wings with a strong, robust, and dusky costal 
xind subcostal, but the oblique veins are very thin. Thetwo oblique 
"discoidals being strongest and brownish; the cubital subhyaline, 
especially at base; the stigmal vein straight and appearing as a 
continuation of the subcostal, forming a marginal cell of about 
the same width as the stigma. Stigma very long, about one-third 
the length of the wings, of uniform width throughout, and trun- 
cate in front, in color rather dark brown. Hind wings with 
four booklets. Honey-tubes short and thick, black. The 
winged Insect is more or less black throughout, quite hairy, 
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especially the front of the head, the abdomen and the legs. The 
apteroos form are brownish, or even grayish from being more or 
less pulverulent, especially on the under side, above with a 
longitudinal white line on the abdomen. 

The apterous form was described by Dr. Fitch some thirty 
years ago, but the species appears not to have been observed by 
any of our entomologists since that time. The insect is not 
rare on the tamarack or American larch, Larix americana^ but 
is quite difficult to find on account of its great similarity in 
color and shape to the irregularities of the twig on which it 
lives. It is generally located in the axils of the tufts of leaves, 
but when numerous can be found anywhere on the small twigs. 
It moves about with a very rapid and jerky motion when dis- 
turbed, reminding us of the Cicindela among the beetles, and 
thus easily escapes from observation unfess you have well 
sx>otted the individual. The winged form first makes its appear- 
ance about the middle of May. 

Several species of Lachninie have been recorded as American, most of which 
will undoubtedly also be found in Minnesota. 

Phyllaphis fagi (Linn.), found on the beach (Fagus), 

Phyllaphia niger Ashmead, on oak {Querciu* phelloB laurifolia). 

Lachnus viminalis (Fonsc.), on the limbs of willow. This is the same species 

as L. (leniaius of Le Baron. 
Lachnus caryas (E[:irris), on the limbs of hickoiy {Carya poreina), 
Lachnus strobi (Fitch), on white pine. 
Lachnus dbietis (Fitch), on Abies nigra. 
Lachnus quercifolix Fitch, on the leaves of white oak. 
Lachnus saiicelis Fitch, on the twigs of willow. This is probably a Melanoxan- 

thus or Chaitophorus. 
Lachnus alnifolive Fitch, on leaves of alder. 
Lachnus hngistigma Monell, on linden {Tilia americana). 
Lachnus quercicolens Ashmead, on oak. 
Lachnus austraU Ashmead, on pine. 
Lachnus pUUanicoJa Riley, on sycamore trees. 
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SubfamUy APHIDIN^. 

AntennsB 7-jointed, never very short, often much longer than 
the body. Eyes always present, and with a distinct tubercle. 
Beak variable in length, but seldom very long. Pore wings 
with two discoidals, a twice forked cubital, and more or less 
curved stigmal vein. Hind wings with two discoidals. Legs 
usually of moderate length; tarsi two-jointed, and with two 
x^laws (except the anomalous Ma^topoda). Honey-tubes of vari- 
able length, but mostly longer than broad, or very rarely none. 
Style present and mostly very conspicuous. 

This is by far the largest subfamily, and it more than out- 
numbers all the others put together. The characters are some- 
what variable, making it much more difficult to define than any 
of the preceding. One of the most easily observed character 
is undoubtedly • the so-called seventh joint of the antennae, 
which, as has been stated by several writers, is but a contracted 
prolongation of the sixth, but as it here takes on the character 
of a separate joint, being nearly always longer than the sixth, 
and often as long or longer than the third, it is convenient to 
consider it as such. In some of CJaUipterini it becomes so re- 
duced in length as to be difficult to distinguish from the unguis, 
and we have, therefore, to rely on other characters. 

A great many of the species are found on herbs or annual 
plants, some are confined to the foliage of trees, or more rarely 
to the twigs, and a few have a subterranean habit. They are 
mostly found on the under side of the leaves, or, more rarely, 
on the stem of the plant they inhabit, and never construct a 
true gall; but a few of the genus Aphis curl the leaves, and so 
form what is known as a pseudogall. The body is usually 
smooth, sometimes pulverulent, but never with the flocculent 
substance found in the lower subfamilies. In development they 
are the typical aphides. 

The subfamily may be divided into the three foUowing tribes: 

Style long, at least as long as the tarsus of the first pair of legs; antenn® 
on conspicuous frontal tubercles. ... Nectabophobini. 

Sfyle short or none, hardly ever longer than the tarsus; antennae on no 
frontal tubercles, or on very short ones. - - - - 2. 

Style conical; honey-tubes moderately long, cylindrical or rarely incras- 
sate. .---..-- Aphidini. 

Style very short or none, globular or knobbed; lioney-tubes short, not 
longer than broad, or if longer they stiU show a strong incrassate character. 

-- - - - - - - Gaixiptebiki. 

8 



34 

TRIBE CALLIPTERINI. 

AntcDDSB variable in length, in the typical genera as long or 
longer than the bodyj in those where they are shoiijer, more or 
less hirsute; on no frontal tubercles, except in Drepanasiphum ; 
seven jointed, and the last joint, with few exceptions, as long or 
longer than the sixth. Beak very short except in Melanoxanthus. 
Wings normal, sometimes clouded by dusky markings or bands. 
Abdomen often tubetculate and hairy. Honey-tubes very shoH 
and tuberculate, not longer than thick, or when longer th^y still 
show a strong incrassate character; rarely obsolete. Style very 
short or none, usually rounded or globular at tip. 

The genera here collected into a tribe have hitherto been dis- 
posed of otherwise, some being even classified with the Lachninw. 
But they all show strong relationship, and have characters by 
which they can be readily distinguished from the two remaia- 
ing tribes. In form they are some of our most elegant aphides; 
usually with an elongate and somewhat flattened body. In habit 
they are also quite uniform and distinct. If necessary the tribe 
could again be divided with Chaitophorus as type for those 
nearest to LachninsB, as seen from the shortened antenn® and 
hirsute body; and CaUipterus as type for the remaining genera as 
typical Aphidinae. 

The genera found in Minnesota may be separated as follows: 

Antennse nearly as long, and sometimes mnch longer than the body; never 
hairy. --------- 2. 

AntennsB always shorter than the body and hairy. - - - 4. 

Wings held horizontal in repose. . - - - Mokkllia. 

Wings deflexed in repose. - - - - - - 3. 



•{ 



8 



Honey-tabes longer than broad, enlarged near the base; style very incon- 
spicnons or none. ----- Dbbpanosiphxtm. 

Honey-tabes short, tabercalate, sometimes obsolete; style, short, globu- 
lar. ------- Callipterus. 

Beak short; honey-tubes tabercalate. - - - Chaftophorus. 

Beak long; honey-tubes moderately long, and vasiform. 

- - • - Melanoxanthus. 
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Genus MELANOXANTHUS Buckton, 1877. 

Antennsd about one-half as long as the body, hairy as in Chai- 
tophoras; seventh joint as long as the sixth, or usaally longer. 
Beak long, reaching third pair of coxsb. Prothorax with a 
lateral tubercle. Legs normal, hairy. Wings with well defined 
veins. Honey-tubes short and stout, but always longer than 
broad, vasiform or broadest in the middle. Style very short and 
broad, or none. 

Mr. Buckton, who has first given us a description of the 
genus, places it between Bhopalosiphum and Siphocoryne, but 
a more natural position is undoubtedly, as has been suggested 
to me by Mr. Monell, in the vicinity of Chaitophorus. I would 
consider it as connecting the AphidinsB with the Lachninse; hav- 
ing the venation of the former together with the antenuse, but 
in general form, together with some, minor characters, and 
especially in habit, allies it to the latter. Its relationship to 
Chaitophorus is especially seen in the antennsB and honey- 
tubes. 

Wings with Tobnst and conspicuous veins, which are somewhat smoky along 
the sides. - - - - - - -M. salicis. 

Wings with their veins not smoky. - - • - - M. bicolob. 

1. Melanoxanthiis salicis (Linn.). 

Aphis salicis Linn. Syst. Natura, 1761. 

Mdanoxanthus salicis Buckton. Hon. Brit. Aphid., Vol. II., p. 21, 

1879. 
f Chaitophorus smithice Monell. Bull. U. S. Qeol. Surv. Terr., 

Vol. v., No. 1, p. 32, 1879. 

Antennse about half as long as the body, blackish except at 
base, with very long and spreading hairs; III 0.60""° IV 0.36"*", 
V 0.30"^, VI 0.20"*°*, VII 0.15"*". Beak long, 0.90"", reaching 
to or beyond third pair of coxsb. Prothorax with a blunt tuber- 
cle on each side; lobes all black. Legs yellowish, with black 
tibial points and tarsi. Wings with thick veins, slightly smoky 
along each side, especially the first discoidal, so as to be quite 
conspicuous. Abdomen with a grayish medial line and mark- 
ings of the same color along each side. Honey-tubes vasiform, 
contracted at base, enlarging to at least twice the.width in the 
middle, and again contracting at apex, twice the length of the 
tarsi in the winged form, in the apterous somewhat shorter; in 
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color a bright orange, often a decided reddish, contrasting much 
with the darker colors of the abdomen. Style not well defined. 
Length of body 3.00-3.75'"'"; to tip of wings 6.60"^. The males 
are much smaller in body, but with fully as large wings and 
antennsB as the females. The apterous form are also of a very- 
large size, long oval, and with markings and color as above. 

This very large and conspicuous species is by no means rare 
on the branches of willows, and occasionally also found on the 
poplar. In my list of the Aphidid®, in the last annual report 
of the survey, I refer to it as Lcichnus aalicicola XJhler, which is, 
as I now learn from specimens kindly furnished me by Mr. 
Monell, a very similar species, belonging to the genus under 
consideration. At the time I was unacquainted with Buckton's 
Monograph, and was led to consider it as a Lachnus, and as 
identical with XJhler' s species from the writings of Doctor 
Thomas. Lachnus salicicola XJhler, or more correctly Mdanoxan- 
thxis salicti Harris, as Harris' name is not occupied when applied 
to this genus, is a species of the eastern states, not yet found as 
far west as in Minnesota. 

2. Melanoxanthus bicolor n. sp. 

Antennae somewhat longer and more slender than in the fore- 
going species; last joint always much longer than the sixth; III 
0.65°*", IV 0.35'"°, V 0.35™», VI 0.15°", VII 0.30°'". In the 
winged males the relative length of the joints are somewhat 
more, also more thickly covered with small, round sensoria. 
Beak long, 0.85"°, reaching to or beyond third pair of coxce. 
Prothorax with lateral tubercles; lobes of thorax proper all 
black except the scutel, which usually has the reddish-brown 
color of the body. Legs brownish -yellow, with dusky tibial 
points and tarsi. Wings clear, with much thinner veins than in 
the foregoing, not bordered by any duskiness. Abdomen red- 
dish-brown, ^th a medial line of paler color. Honey-tubes 
rather pale ^wo^? about twice the length of the tarsi (0.36""), 
vasiform. or^^JB shape similar to the foregoing species. Style 
short, as b|^a7as long, hairy, m color blackish, as well as the 
anal plat^. Length- of body 3. 75"°. 

This species is quite distinct from the foregoing, though found 
on the same tree, and similar in habit. The body is elongate, 
conforming more with the typical CkiUipterini; the predominat- 
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ing color brown, and not with the grayish-white medial line; 
honey-tabes paler in color; the wings clearer and with more 
slender discoidal veins. 

Geuus CHAITOPHORUS Koch, 1854. 

Antennee mostly a little more than half the length of the body, 
hairy, last joint always as long or longer than the sixth. Beak 
short, but sometimes reaching second pair of coxsb or slightly 
beyond. Prothorax with no lateral tubercles. Wings much as in 
Aphis, but sometimes with smoky bands or spots. Legs moder- 
ately long, bairy. Abdomen usually tuberculate, and with long 
Blender hairs, but which are never knobbed, even in the apterous 
form, as is so often the case in Callipterus. Honey-tubes short 
and thick; seldom longer than thick at base, rarely subobsolete. 
Style tubercle-like. 

In general form the species of this genus have an elongate 
body, as in Callipterus, with which it shows many points of simi- 
larity; but will be recognized from the shorter antennsB and 
legs, together with the long spreading hairs of the antennse and 
the whole body. 

Abdomen with black dorsal spines in addition to the nsual hairs of the 
1 \ body. ------- c. SPINOSUS. 

Abdomen with no dorsal spines. ----- 2. 

Wings with a smoky border along the veins. - - C. populicola. 

Wings clear. -------3. 
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( Stigma long and narrow. . - - - C. negundinis. 
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Stigma short and broad. ------ 4. 

Abdomen with transverse bands of brownish-black. C. populifolije. 
Abdomen of uniform black, or greenish-black. - . C. kigbac. 

1. Chaitophorus uegundinls Thos. 



OhaUophorua neffundinia Thomafi. Bull. HI. St. Lab. Nat. Hist., 
No. 2, p. 10, 1878. 

AntennsB about as long as the body, paler at base, rest dusky, 
with long spreading hairs; III 0.40""", IV 0.30""-, V 0.25"'", VI 
0.10"", VII 0.25°*°; the relative length of the joints varies 
somewhat, especially the third. Beak moderately long, reach- 
ing second pair of coxee. Thorax with lobes black; prothorax 
green, or only dusky. Wings very thin and hyaline, with very 
narrow veins, except the costal and subcostal; stigma long and 
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narrow, pointed in front. Legs pale, with dnsky tips, hairy. 
Abdomen green, often with d paler medial and marginal line, 
Honey-tubes short, about as long as thick at base, concoloroos 
with abdomen. Style very short and truncate. Length of body 
about 2°"; expanse of wings 6"". 

The whole insect is very hirsute, especially the apterous form. 
Pound on the under side of the leaves of box-elder, Negundo 
aceroides Moench., and when numerous can be found almost 
everywhere on the leaf, leafstalk and younger twigs. In early 
spring, even before the leaves are yet out, the newly hatched 
larvae can often be seen crowding around the buds. ^ 

2. Chaitophorus spinosus Oestl. 

Chaitophorua spinosus Oestlund. List Aph. Minn., p. 49, 1886. 

Apterous form: Antennae about one-half the length of the body, 
the basal joints pale except at apex, the two last all black; III 
0.40"», IV 0.30"", V 0.28"", VI 0.08"", VH 0.08"". Beak hardly 
reaching second pair of coxae. Abdomen yellow, with green 
dorsal markings, and with transverse rows of black spine-like 
hairs, which are also found on the head and thoi^x, together 
with the ordinary long white hairs of the genus. Honey- 
tubes typical, concolorous with the abdomen. Length of body 
2-2.50"", (exclusive of the ovipositor). 

In the oviparous female, found during the foil, the tip of the 
abdomen is drawn out into a very long ovipositor, which is very 
conspicuous, as it becomes brownish-red with age. These 
females, at the time of ovipositing, descend to the woody part 
of the tree, securely depositing their stock of eggs in the crev- 
ices and between the bark. The species feeds on the leaves of 
the oak, and, as far as I have observed, is found only on the 
upper branches. The black spine-like hairs of the body will 
distinguish it from all other species of this genus. The winged 
form has not yet been observed. 

3. Chaitophorus' populifoliae (Fitch). 

Aphis popuUfolice Fitch. Cat. Hom. N. Y. St. Cab., p. 66, 1851. 

Antennae about two-thirds of the body in length, not as hairy 
as usual in the genus; third with numerous sensoria, fourth 
with a row of 4-6 larger ones, the seventh imbricated; III 
0.35"", IV 0.22"", V 0.15"", VI 0.10"", VH 0.25"". Beak short, 
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reaching second pair of cox®. Thorax all black. Wings 
hyaline, as in negundinis^ with slender brownish veins; stigma 
short and broad, dusky. Abdomen greenish, with a marginal 
row of blackish spots, and transverse bands of the same color 
above, often running together into a large quadrate patch. 
Honey-tubes as usual, slightly dusky. ^ Style short and rounded. 
Length of body 1.60"'"; to tip of wings S"^". 

Pound on the under side of the leaves of Popvlus grandidentaia 
Mx. It is with some doubt that I 'consider it as synonymous 
with Dr. Fitch's Aphis popiUifolicB, found on the same tree, as the 
above description differs in several respects from Dr. Fitch's 
short description. The dorsal bands of all the species I have 
examined do not show any division in the middle, as appears to 
have been the case with Fitch's species. The antennae are 
hardly hairy, but in other respects it is undoubtedly a Chaitoph- 
orus. It is quite similar to negundinis^ but will be distinguished 
from this species by the short and broad stigma. 

It remains to be ascertained if this species is not identical 
with ChaUopharus populi (Linn.), the two are at least very closely 
related. 

4. Ghaltophorus popullcola Thos. 

Ohaitophorus populicola Thomas. Bull. 111. St. Lab. Nat. Hist., 
No. 2, p. 10, 1878. 

m 

Antennee about two-thirds of the body in length, very hairy; 
third and fourth joints with numerous small sensoria; III 0.35°"", 
IV 0.20'"", V O.IS""", VI 0.10"^'°, VII 0.15 to 0.20'"'". Beak stout, 
reaching middle pair of coxsd (0.40"°). Thorax shining black, 
as well as prothorax; membrane yellowish. Wings with rather 
stout brownish veins; the discoidals with a smoky border 
on each side, expanding somewhat at the end of each vein; 
stigma smoky; hind wings more clear. Legs hairy, dusky or 
black. Abdomen greenish -yellow, with some transverse bands 
of black above. Honey-tubes paler than the abdomen, some- 
times yellowish, about half as long as the tarsi. Style short, 
inconspicuous. Length of body 1.50-2°*". 

Apterous form reddish-brown, with a large Y-shaped yellowish 
spot on the abdomen. Found on the leaves of Fopulua monilifera 
Ait., and well distinguished from the other species by the smoky 
border along the veins of the wings. 




40 

5* Chaitophorus nigrae Oestl. 

Chaitophorus nigrce Oestlund. List Minn. Aph., p. 49, 1886. 

Antennie nearly as long as the body, hairy; III 0.30"", IV 
0.15""", V 0.12"", VI 0.08"", VII 20"". Beak short, not reach- 
ing second pair of cox® (0.25""). Thorax all black. Legs more 
or less dusky, with black tarsi. Wings with slender brownish, 
veins; stigma rather short and broad, brownish as the veins. 
Abdomen somewhat greeuigh, but mostly quite black. Honey- 
tubes not longer than thick, usually a little paler. Style globu- 
lar. Length of body 1.50"". Apterous form varying from green 
to black. Found on the leaves of SaXix nigra Marsh., as well as 
other species of willow. A small, blackish, hairy, aphis-like 
species, not as well characterized as the other species we have. 

The following species have not yet been fonnd in Minnesota: 
Chaitophorus aceria (Linn.), on Acer pennaylcanicum if Dr. Fitch is correct in his 

identification. 
Chaitophorus viminalis MoneU, on young twigs and leaves of Salix lucida and 

8. habyJonica, 
Chaitophorus quercicola Monell, on the under side of the leaf of oak, Quereus 

prinus. 
Chaitophorus flavus Forbes, on cultivated com. 
Chaitophorus pinicolens (Fitch), on pine. This is Dr. Fitch's Aphis pinicolenay 

which is believed to be a Chaitophorus. 

Genus CALLIPTERUS Koch, 1856. 

Antennae usually about as long as the body, or sometimes 
much longer, smooth; transition from the sixth joint to the 
seventh gradual; the sensoria of the third in a single row, 
rather large, but usually on a level with the joint and difficult to- 
trace. Eyes pale or bright red in color. Beak very short, 
rarely reaching the second pair of coxsb. Wings deflexed in 
repose, often with clouded spots or bands; front wings with the 
stigma short and much curved, often subhyaline. Honey-tubes 
short, sometimes almost on a level with the abdomen. Style 
short, enlarged at apex. 

Some of our most elegant aphides, with an elongate, slender, 
and more or less depressed body, and of v^ry pale and delicate 
colors. Sporadic in habit. Nearest to Chaitophorus in general 
appearance, but with much longer and smoother antennae. The 
apterous form with long, slender and capitat-e hairs on the body,, 
and usually of a pale yellow or whitish color. 
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The following species have been observed in Minnesota: 

Doisum of winged form with tubercles. - - C. ulmifolii. 

Dorsum without tubercles. - - - - . - 2. 



{ 
{ 



Marginal cell dusky. ----- C. bellus. 

Marginal cell hyaline. ------ 3. 

Wings with shaded spots, arranged somewhat in transverse bands. 4. 

Wings hyaline; the discoidal margined with black, often expanding at 

tip. - - - - - - -C. BKTULJECOLENS. 

Abdomen with conspicuous transverse spots or bands; seventh joint of 
I antenn® longer than the sixth. - - - - C. discolob. 

Abdomen with faint transverse bands, or none; seventh joint equal or 
nearly so to the sixth. - - - - - C. ASGLEPIADIS. 

1« Callipterus discolor Monell. 

OaUiptenis discolor Monell. U. S. Geol. Surv. Terr., Vol. V., No. 

1, p. 30, 1879. 
Myzocallis beUa Thomas. Ins. 111., 8th Kept., p. 108, 1879. 

Antennae about «is long as] the body, pale, with tips of joints 
3-6 dusky; the single row of rather large sensoria on the third 
not always apparent; III 0.45°°*, IV 0.30™°, V 0.25°^, VI 
0.12'"", VII 0.20°°. Head pointed in front. Eyes pale red. 
Beak very short. Thorax with a dusky band on either side. 
Legs pale, with dusky tarsi. Wings with irregular dusky spots^ 
arranged somewhat in two oblique bands, which become espe- 
cially apparent when the insect is seen from above with closed 
wings; veins ending in a smoky patch; second discoidal sinuous; 
stigma rather short. Veins of hind wings very sinuous. Ab- 
domen yellowish, with four rows of black patches, which often 
are more or less confluent. Honey-tubes short, pale. Length 
of body 1.50-1.80°°. 

Pound on the leaves of Quercua macrocarpa Mx. The winged 
females found in the early part of the season are much smaller 
than those found further on. Mr, Monell gives the seventh 
joint of the antennse as shorter than the sixth, but in normal 
specimens it is evidently longer. 

Dr. Thomas' description of MyzocaUis bella I think will agree 
better with the species under consideration than with Walsh's 
Aphis beUa, with which he has confounded it. 

The apterous form yellowish, and with long capitate hairs. 
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2. Callipterus asclepiadis Monell. 

CaUipterus asclepiadis MonelL Bull. U. S. Gteol. Surv. Terr., VoL 
v., No. 1, p. 29, 1879. 

Antennae about as long as the body, pale, tips of joints 3-6 
black; the seventh joint of about the same length as the sixth; 
ni 0.35'°°, IV 0.25°*°, V 0.20"°, VI 0.10°°, VII 0.10°°. Beak 
a little longer than usual in the genus, reaching second pair 
of coxoB. Thorax with a maiginal band on either side, as in 
foregoing species. Wings very much as in C. discolor ^ but 
usually not as distinctly marked. Abdomen yellowish, with, 
longitudinal rows of dusky patches. Honey-tubes very short, 
yellowish. Length of body 1.50°°. 

Found on the underside of the leaves of Asclepias comuti 
Linn. The apterous form are almost uniformly yellow or 
whitish, with long capitate hairs, easily distinguished from those 
of C. discolor. 

3. Callipterus ulmifolii MoAell. 

Cfallipterus ulmifolii Monell. Bull. XJ. 8. Geol. Surv. Terr., VoL 

v., No. 1, p. 29, 1879. 
CaUipterus vXmicola Thomss. Ins. 111., 8th Bept., p. Ill, 1879. 

Antennae about as long as the body, pale, with the tips of 

joints 3-5 black; seventh joint about as long as the sixth; III 

0.50°°, IV 0.30°°, V 0.25°°, VI 0.12°°, VII 0.12°°. Byes pale 

red. Beak short. Head and thorax usually with longitudinal 

lines of pulverulent. Wings thin and delicate; the second dis- 
coidal hardly at all sinuous; the subcostal curves in near the 

base of the stigma; stigma short and broad, dusky at both ends. 

Abdomen with four mammiform tubercules above on the basal 

segments, the other segments with various shorter tubercles; 

also with some pulverulent lines or dots, as on the head and 

thorax. Honey-tubes very short, concolorous with abdomen. 

Length of body 1.50-1.80°°. 

This delicate species is found on the under side of the leaves 

of Ulmus americana Linn., and is easily distinguished from our 

other species on account of the tubercles of the abdomen. 
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4t. Oallipteras betulsecolens (Fitch.). 

Aphis betvlmcolens Fitch. Cat. Horn. N. Y. St. Cab., p. 66, 1851. 
CkUlipterus betukecolens Monell. Bull. XJ. 8. Qeol. Serv. Terr., 
Vol. v., p. 29, 1879. 

AntennsB much longer than the body, sometimes nearly twice 
its length; first joint twice as long and large as the second; joints 
3-6 white at base, with the apical half black; the seventh twice 
as long as the sixth, all black; the third joint with a single row 
of rather large sensoria; III 1.20°", IV 0.80™", V 0.65"°, VI 
0.30™", VII 0.70""; or the average of the smaller species: III 
1.00"", IV 0.50"". V 0.45"", VI 0.20"", VII 0.40"". Eyes 
darker than usual in the genus. Beak also somewhat longer 
than usual, nearly reaching the second pair of coxae. Legs nearly 
all black. Wings hyaline, with a rather pale and slender costal 
and subcostal; the first discoidal black, margined with du^y, 
and the most conspicuous vein; the other discoidals also slightly 
margined, as is apparent at least from the smoky patch at the 
tip of each vein; the stigmal vein often subobsolete for more 
than one-half of its length; stigma pale, except a smoky patch 
at each end, about as long again as broad. Honey-tubes con- 
colorous with the abdomen, nearly as long as the tarsi. Length 
of body 2-2.50""; to tip of wings 4-4.50"". 

This large species reminds us, in more than one respect, of 
Nectarophora, and differs somewhat from the typical Callip- 
terus. It.is found here on the under side of the leaves of Betvla 
papyracia Ait., and varies considerable both in size and color, 
being found from a bright yellow to a bluish green. It is evi- 
dently distinct, though similar, to the European species found 
on the same tree. 

5. Callipterus bellus (Walsh). 

Aphis bella Walsh. Proc. Ent. 8oc. Phil., Vol. I, p. 299, 1862. 
Callipterus beUa Monell. Bull. XJ. 8. (Jeol. Surv. Terr., Vol. V, 

No. 1, p. 29, 1879. 
Callipterus umlshii Monell, 1. c. 
MyzocaUis bella Thomas. Ins. 111., 8th Kept., p. 106, 1879. 

Aatennee not quit'C as long as the body, pale, with tips of 
joints 3-6 black; the sensoria of the third joints not very dis- 
tinct; III 0.45"-, IV 0.30"", V 0.25-", VI 0.15"", VII 0.25"". 
£yes pale red (not black, as Walsh has it). Beak short. Pro- 
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thorax quite large; thorax with a broad marginal baad of blacky 
extending from the eyes to the base of the wings. Wings hya- 
line, with the costal and subcostal, as well as the space between, 
of a dark brown or black, including the stigma. A smoky- 
brown continuation of this band runs through the stigmal cell 
to the apex of the wing. The discoidals all slender; the stigmal 
vein short, sharply curved, forming a cell not broader than the 
stigma, and is altogether within the marginal band. Honey- 
tubes very short and conspicuous. Length of body about 2""*; 
to tip of wings 3.50™". 

Found on the under side of the leaves of red oak, Quercus ru- 
bra Linn. I do not think that (7. vxdshii is distinct, though a 
smaller variety. Dr. Thomas appears not to have seen this 
species, as his own description of MyzocdUis beUa, which he 
thinks the same as Walsh's species, is evidently (7. discolor. 
The insect is well characterized by the black margin of the 
head and thorax, and the continuation of this band along the 
whole length of the wing. It comes nearer to the following 
genus than any of the other species, and may be considered as 
connecting the two. 

Species described as American, but not yet found in Minnesota are the follow- 
ing: 

CaUipierus mucidua Fitch, a doubtful species. 

CdUipierus caaianese Fitch, on the under side of the leaves of chestnut. 

Oallipterua punctalus MoneU, on the under side of the leaves of Quercus bieolor. 

Callipterus hyalinus MoneU, on the under side of leaves of Quercus imbricaria. 

CalUpUrus caryse Monell, on leaves of walnut, hickory and pecan. 

Callipterus quercicola Monell, on oak. 

Callipterus trifolii Monell, on clover leaves. 

Genus MOKELLIA n. g. 

Antennse longer than the body, on no frontal tubercles. Eyes 
pale red; ocelli present. Beak very short. Thorax low and flat; 
prothorax nearly as large as thorax proper. Wings held hori- 
zontal in repose; venation as in Callipterus. Honey-tubes not 
obvious. Style short, enlarged at apex. 

Small and delicate insects of very pale color and a strongly 
depressed body. Distinguished from the foregoing genus by the 
horizontal position of the wings when at rest, and by the much 
developed prothorax. In habits similar to Drepanosiphum, and 
like it, the oiviparous female appears always to acquire wings 
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before producing living young. The genus is named in honor of 
Mr. Monell, who has done so much towards our knowledge of the 
Aphididsd of North America, and especially in the genus Callip- 
terus. 

1, Monellia caryella (Fitch). 

Aphis caryella Fitch. Trans. N. Y. St. Agr. Soc, Vol. XIV, or 

Ins. of K Y., Vol. I, p. 165, 1855. 
Aphis punctatella Fitch. 1. c, p. 165. 
Aphu macuUlla Fitch. 1. c, p. 166. 
Aphis fumipennella Fitch. 1. c, p. 166. 
Aphis margiTteUaYitQli. 1. c, p. 166. . 
Callipterus caryeU^s FitQh. Trans. N. Y. St. Agr. Soc, Vol. XVI., 

or Ins. of N. Y., Vol. II, § 167, 1856. 
Callipterus pun^tatellus Fitch. 1. c, § 168. 
CalUpteriismaculellus Fitch, 1. c, § 169. 
CaUiptenis fumipennellus Fitch. 1. c, § 170. 
Callipterus tnnrginellus Fitch. 1. c, §171. 

Antennae longer than the body, the first and second, together 
with the base of the third, dusky or black, the remaining joints 
pale at base becoming dusky or black at tip. Sensoria of the 
third joint all close together on the basal half, which is also some- 
what thickened. The relative length of the joints varies con- 
siderably in this variable species, but the most constant measure- 
ment appears to be: III 0.40°^, IV 0.30"", V 0.28"", VI 0.20"", 
VI 0.15"". Beak very short. Eyes bright red. Thorax low and 
depressed; prothorax very large, as large as the thorax proper, 
often with a marginal band of black as seen in Callipterus beUus, 
Wings hyaline, iridescent, folded horizontally close to the body 
in repose. In full colored specimens a band of dark brown or 
black is often seen along the upper margin of the fore wings. 
Including the costal and subcostal. Stigma short, regularly 
<5urved, often subobsolete. Honey -tubes not apparent. Length 
of body 1.50-2""; color of body pale yellow or whitish. 

This interesting species is found on the under side ^f the 
leaves of Carya amara Kutt, along the mid- vein; usually but 
one, or at the most, a few, are found on the same leaf. On being 
disturbed they are capable of jumping to a considerable dis- 
tance, a fact, though, not confined to this species, but observed 
in several of this tribe. The species appears not to have been 
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observed since it was fii^st described by Dr. Fitch, and much 
uncertainty has therefore been in regard to its position. I 
do not hesitate to consider the four species described by Dr. 
Fitch in connection with his Aphi8 caryeUaj as only varieties, as 
often two or three of them are seen on the same leaf, and tran- 
sitional forms have been observed between most of them. In 
my list of the Aphididse of Minnesota, in the fourteenth annual 
report of the survey, I give CaUipterua caryce Monell as a species 
for Minnesota, based on the observation of a few wingless speci- 
mens, which I now do not doubt belong to the one under consid- 
eration, and (7. caryce should therefore be dropped from the list. 

Genus DREPANOSIPHUM Koch, 1887. 

Antennae fixed on frontal tubercles, longer than the body; 
the setaceous seventh longer or as long as the third; third joint 
with a single row of rather large sensoria. Eyes bright red. 
Beak short. Wings long and narrow; marginal cell elongated 
towards the apex. Honey-tubes moderately long in our species^ 
but much longer in some of the foreign, enlarged towards the 
base Style inconspicuous or none. 

A well characterized genus, which by some writers has beea 
put in Nectarophora, or near to it; but a more natural position 
is without doubt in connection with Gallipterus, as has been, 
pointed out by Mr. Monell. 

1. Drepanosiphum acerifolii (Thomas). 

Siphonophora acerifolice Thomas. Bull. 111. St. Lab. Kat. Hist.^ 
No. 2, p. 4, 1878. 

Drepanosiphum acerifolii Monell. Bull. TJ. S. Geol. Surv. Terr., 
Vol. v., No. 1, p. 27, 1879. 

AntennsB much longer than the body, pale, with tips of joint 
3-6 dusky, third joint with a single row of sensoria on the basal 
half, slightly raised above the surface; setaceous seventh very 
long, often much longer than the third; 1110.80"", 17 0.65"", 
V 0.60"", VI 0.15"", VII 0.85"", or sometimes over 1"". Wings 
hyaline, with slender veins; veins sometimes slightly dusky 
along the margins, expanding into a patch at tip; stigma short 
and broad. Abdomen with several rather large tubercles on 
the basal segments above, each tipped with a short stiff hair. 
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Honey-tubes slightly longer than the tarsi, enlarged towards 
the base. Length of body 1.50-2"'"j to tip of wings about 
3.50"". 

Foand, mostly solitary, on the underside of the leaves of 
Acer dasycarpum Ehrh. A very beautiful sx>eeie8 of a light gray 
color and with longitudinal lines of pure white above, which 
are often broken into dots. 

TRIBE APHIDINI. 

Antennsd moderately long, nearly always a little shorter than 
the body; on no frontal tubercles, or on very incoDspicuous 
ones. Seven-jointed (except in Mastopoda)] the seventh joint 
always longer than the sixth. Eyes dark brown or black. Beak 
moderately long, never very short. Legs moderately long and 
stout. Abdomen usually short, obtuse or rounded behind. 
Honey-tubes moderately long, rarely very short or wanting, 
cylindrical or slightly incrassate in a few cases. Style moder- 
ately long, stout, conical, very rarely none. 

While the Nectarophorini are characterized by a long and 
cylindrical body, the Callipterini by a long and flat, the present 
tribe mostly presents us with a short and compact form. The 
appendages are nearly always of a moderate length. The pres- 
ence or absence of frontal tubercules is not sufficient to separate 
the present tribe from the following, as in fact no one character 
taken by itself will, as the two tribes run a great deal into each 
other in this respect. 

They are found in large colonies on herbaceous plants or on 
the leaves of woody plants, and in a few cases also on roots. The 
following genera are represented in Minnesota: 
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AntennseT-jointed; tarsi normal. - - - - - 2. 

Antennffi 6-jointed; tarsi atrophied. ... Mastopoda. 



^ , Honey-tubes clavate. ----- Siphocobynb. 
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Honey-tnbes cylindrical, rarely incrassate or none. - - 3. 

Body long and somewhat depressed; honey-tubes short, not longer than 
style. ------- Hyaloptkbus. 

Body short and thick; honey-tubes moderately long, nearly always longer 
.than style. -------- Aphis. 
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Genus HYALOPTEBUS Koch. 

AntennsB aboat as long as the body; the seventh joint about 
as long as the third. Sensoria small and irregalarly disposed. 
Beak short. Eyes dark red. Wings hyaline, with slender 
veins. Honey-tubes short and narrow, not longer than the 
style. 

The genus is difficult to define, as it stands too close to Aphis, 
but it partakes of the foregoing tribe in the long and somewhat 
depressed form of the body, and in a short beak. It can be 
considered as connecting the Callipterini with the Aphidini. 

1. Hyalopterus arundinis (Fab.). 

Aphis arundinis Fab. 

Hyalopterus arundinis Koch. 

Aphis phragmitidicola Oestl. List Aph. Minn., p. 44, 1886. 

Antennie nearly as long as the body, dusky except at base; 
seventh joint as long as the third, imbricated; III 0.40"*", IV 
0.25""", V0.20°"°, VI 0.10™", VII 0.40""; third and fourth joints 
with numerous small sensoria, grouped irregularly on the 
under side. Beak short and thick, not reaching second pair of 
coxae. Thorax black or blackish. Wings very hyaline, slightly 
iridescent; stigma long and narrow, slightly dusky. Abdomen 
long and narrow, tapering behind, pale green. Honey-tubes 
short, not longer than style, narrow, situated rather far up on 
the abdomen. Style about as long as the tarfii, cylindrical, 
slightly curved upwards. 

The species is found in small colonies on the leaves of Fhrag- 
mitis communis Linn. The individuals are all more or less cov- 
ered with a whitish powder, and live closely appressed to the 
leaf on which they feed. 

Genus MASTOPODA Oestlund, 1886. 

Antennae about as long as the body, six-jointed, the third and 
setaceous sixth being the longest, on no frontal tubercles. 
Eyes dark red. Beak moderately long. Wings as in Aphis. 
Legs moderately long, with the tarsi and claws atrophied. The 
tibiae are truncate at tip, and furnished with a membrane, the 
structure of which seems to be similar to that of the Diptera, 
as they are able to walk with ease not only on the perpendicular^ 
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but also on the under surface of a horizontal glass plate. The 
upper side of the tibial tip is furnished with a small tubercle, 
which probably represent the claws. 

The genus is anomalous in several respects, but in general 
apx>earance and habit comes nearest to Aphis, and will there- 
fore, I think, fall into the present tribe. 

1. Mastopoda pteridis Oestl. 

MaMapoda pteridis Oestl. List Minn. Aphid., p. 53, 1886. 

Antennse about as long as the body, black; III 0.55"", IV 
0.20"", V 0.10"", VI 0.80"". Beak reaching second pair of 
COX8B. Wings with black and well defined veins; venation some- 
times quite variable. Legs pale, with dusky or black tips; tibia? 
quite long with a truncate and somewhat enlarged tip ending 
with a membranous structure, with true tarsi and claws wanting. 
Abdomen pale green or yellowish,- with some dusky markings 
above. Honey-tubes rather long (0.40""), cylindrical, black. 
Style very short, conical and hairy as in Aphis. Length of body 
1.60"", to tip of wings 2.90"". 

The full grown larva, or apterous form, pale yellow, with a red- 
dish yellow thorax, and abdomen above with tO]*toise-shelled 
dusky markings. Young larva uniformly pale yellow. Found 
on the under side of the fronds of Fteris aquUina Linn., in large 
colonies. They have been found only in one place although the 
fern is common all along the river, and appears to be a local and 
rare species. 

Genus APHIS Linn. 1748. • 

Antennee on no frontal tubercles, or on very inconspicuous 
ones, usually a little shorter than the body. Byes dark red or 
black. Beak moderately long, never reaching abdomen except 
in A. cardui. Wings rather short and broad, deflexed in repose; 
venation typical. Legs moderately long, stout. Abdomen short 
and broad, rounded or obtuse behind. Honey -tubes of moderate 
length, cylindrical, or sometimes slightly incrassate, very rarely 
wanting. Style more or less prominent, short, thick, conical. 

The most extensive genus of the fanuly, and the species diffi- 
cult to distinguish on account of their great similarity to each 
other. The following synoptical tables are affixed for determin- 
ing the si>ecie8, but which are not expected to be more than 

8 
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temporary, being more or less artificial. It is still hoi>ed that 
this first attempt to arrange oar American species of this exten- 
sive genus n their natural order will be of some service^ if not 
a basis for future work. 
It may be convenient to recognize the following groups: 



2 



1 



Forming a pseudogall by the twisting or curling of the leaves. 

Aphis pkmphioiki. 
Living unprotecte.. the food plant. - - - . 2. 

Last oint of the antennae shorter than the third. - Aphis genuini. 
Last joint longer than the third. - - Aphis nbctarophobini. 

A. Aphis pemphigini. 



synoptical table of the species. 



{ 



2 



3 



I 
{ 
{ 



Prothoraz with a lateral tubercle. . - . 

Prothorax with no tubercle. . - 

Beak long^ reaching third pair of coxsb; honey-tubes long. 



3. 
2. 



Beak shorter; honey-tubes short. 

Beak long, reaching thinl pair of coxss. 
Beak moderately long. 

Size small, dark red. 

Size larger, green or brown. - 

Legs white or pale. 
Legs greenish or black. 



A. SYMPHOBIOABPI- 
A. HELIANTHI. 

A. CBAT^SQIFOLIJE. 

4. 

A. OORNIFOLUS. 
- 5. 

A. ALBIPB8. 
A. CERASIFOL.IJB. 



1 . * Aphis syiiiphoriearpi Thomas. 



Aphis symphoricarpi Thomas, Bull. 111. St. Lab. Nat. Hist., 
No. 2, p. 12, 1878 (in part). 

Antennfe a little shorter than the body; third and fourth 
joint much thickened, and sometimes almost united, with nu- 
merous irregular round or oblong sensoria; III 0.25""", IV 
0.25°"", V 0.22"™, VI 0.12"'", VII 0.35™». Beak long, 0.75"". 
Eyes dark brown. Wings with rather prominent blackish 
veins; stigma broad. Legs black, with only base of femur and 
tibia pale. Abdomen green, with marginal pat<ihes of black 
above the honey-tubes, and more or less transverse bands be- 
tween the honey-tubes. Honey-tubes black, cylindrical, hardly 
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twice the tarsi in length (0.25'^). Style very short and blunt, 
concolorous with abdomen. Length of body 2.30°*"; to tip of 
wings 3.50"". 

Found on the leaves of 8ymphoricarpu8 vulgaris^ at the end of 
branches, causing them to curl. 

2. Aphis crataeglfolise Fitch. 

Aphis cratcegifolice Fitch. Cat. Hom. N. Y. St. Cab., p. 66, 1861. 

AntennsB somewhat shorter than the body, black; joints 
III — VI with numerous irregularly disposed sensoria, espe- 
cially on the third, which becomes somewhat thickened and 
very uneven; III 0.40"", IV 0.25"", V 0.18"", VI 0.10"", VH 
0.35""; or, in smaller specimens, somewhat less. Beak long, 
reaching third pair of coxae (0.70""). Thorax all black, smooth; 
membrane often pale. Wings hyaline with slender brownish 
veins; stigma long and narrow, pointed in front, slightly dusky. 
Legs pale, with tips of the joints black. Abdomen greenish, or 
greenish-brown, with a marginal row of black patches. Honey- 
tubes concolorous with abdomen, about twice the length of the 
tarsi. Length of body 1.80-2.30""; to tip of wings 3.50-4"". 

Found on the leaves of Orai^egus, corrugating them. Speci- 
mens taken during May on Cratwgus tomentosa Linn, were found 
to curl the leaves very much, and as they turned dark brown or 
red they became very cojispicuous. What is apparently the same 
species was again taken during October on several species of 
Oratoegus^ but not causing the leaves to curl, or very slightly so. 
Our species should be compared with the several European ones 
found on the same tree. 

3. Aphis cerasifoliae Fitch. 

Aphis cerasifolice Fitch. Ins. of K. Y., I., p. 131, 1855. 

Antennae nearly as long as the body; III 0.40"", IV 0.25"", 
V 0.25"", VI 0.12"", Vn 0.45""; third joint with a moderate 
number of sensoria, round, and disposed nearly in a straight 
row. Beak moderately long, not reaching second pair of coxae 
(0.35""). Thorax black, with membrane greenish. Wings with 
slender brownish veins; stigma long and pointed in front, 
slightly if at all dusky. Second fork much nearer the apex of 
the wing than to the base of the first fork. Abdomen pale 
green, with marginal dots or patches of darker color; a medial 



52 

and also transverse line of deeper green. Honey-tubes about 
twice the tarsi in length (0.25""), concolorous with abdomen, 
becomiug dusky at apex. Length of body 2°""; to tip of wings 
3.50-4°'". 

A common species, found on the leaves of Frunus virginiana 
Linn. Their presence is usually quite conspicuous by the 
bunch of deformed leaves on top of the branch where they are 
found. The apterous form, at least, is thickly covered with 
whitish powder, and a great amount of liquid globules is often 
found among them, as is so often seen in Schizoneura americnna, 

4. Aphis albipes n. sp. 

Antennae nearly as long as the body, becoming black in 
winged form, but quite pale or white with only tips of the 
apical joints dusky in the apterous form, smooth, or nearly, so; 
III 0.50"", IV 0.40"", Y 0.30"", VI 0.15"", VII 0.45"". Beak 
not more than reaching second pair of coxie (0.35""). Thorax 
black, membrane brownish. Legs very pale or white, with only 
tips of the joints, together with the tarsi, dusky. Wings hya- 
line, with slender veins; stigma rather long and somewhat 
pointed in front. Abdomen brown, with transverse bands of 
black; ventral reddish-brown. The larvse are all of a reddish- 
brown color, with a white transverse dash on either side of the 
abdomen, and a larger one nearly between the honey-tubes. 
Honey-tubes short (0.15""), cylindrical, or slightly narrowed at 
base. Style nearly as long as the honey-tubes, very pale or 
white. Length of body 2.30""; to tip of wings 4"". 

Found on the under side of the leaves of SympJioricarpus vul- 
garis Linn., together and often in company with the previous 
species described from the same plant. 

5. Aphis hclianthi Monell. 

Aphis helianthi Monell. Bull. U. S. Geol. Surv. Terr., Vol. V, 
p. 26, 1879. 

Antennie two-thirds as long as the body, black; joints 3-6, 
with numerous round sensoria of various sizes; HI 0.30"*"*, IV 
0.15"", V 0.15"", VI 0.10"", VII 0.20"". Beak variable in 
length, in some not more than reaching the second pair of coxse, 
while in others it was found to reach beyond the third pair. 
Head and thorax all black. Wings hyaline; stigma short and 
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broad. Abdomen short and broad, dark green in color, with 
transverse bands of black above, and a marginal row of im- 
pressed dots. Honey-tubes short, hardly longer than the tarsi 
(0.10°*"). Style about as long as the honey-tubes. Length of 
body 1.50""; to tip of wings 2.50-3"™. 

Found on the leaves and stem of ffeliunthus, corrugating the 
leaves. 

O. Aphis coriiifolia' Fitch. 

Aphis comifoUoe Fitch, Cat. Horn. N. Y. St. Cab., p. 65, 1851. 

Antennae about as long as the body, more or less dusky; joints 
3-5 with numerous small, round sensoria; III 0.30"", IV 
0.20"", V 0.15"", VI 0.10"", VII 0.25"", from which it varies 
more or less. Head and thorax dusky black; prothorax with a 
very distinct lateral tubercle. Legs pale yellow, with tips of 
tibia and the tarsi black. Wings hyaline, with slender slightly 
dusky veins. Abdomen short and broad behind, dark brown. 
Honey-tubes short, cylindrical, scarcely longer than the tarsi. 
Style short, dusky. Length of body about 1.20""; to tip of 
wings 2.25"". 

This small species is found on the under side of the leaves of 
several species of Comus or dog-wood, corrugating them when 
numerous. 



B. Aphis geniiini. 



SYNOPSIS OF THE SPECIES. 



I 



Bubtormneun in habit. 
Aerial in habit. 



f Color leaden-gray or pale. 
( Color pale red or pinkish. 



Honey-tubes not obvious. 
Honey-tubes obvious. 



2, 


- 3. 


MIDDLETONII. 


A. TBIFOLII. 


A. LONICKILK. 


4. 


5. 


- 6. 



■I 

i Honey-tubes slightly incnissjite. 
( Honey tubes cylindrical. 

Stigmal vein regularly curved its whole length; second branch *of the 
cubital arising midway between the base and the apex. - A. MABUTiB. 

Stigmal vein only curved at base, then running straight to the apex; sec- 
ond branch arising near the apex. - - - A. maidis. 



{ 



Honey-tubes short, not longer, than tarsi. - - - 7. 

Honey-tubes longer than tarsi. - - - - - 9. 
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{ 
{ 



Style oonical, acnte at tip. - - - - A. brassiojb. 

Style obtuse at tip. - - - - - --8. 

Sensoria nnmerons, inegnlar; honey-tubes greenish. A. muculi. 

Sensoria few, in a sin^^le row; honey* tubes dusky or black. A. mokabda. 

Honey-tubes from one and a half to twice the length of the taisi. 10. 

Honey-tubes more than twice the length of the tarsi. - - 15. 



Joints IV and V of antennse longer than III. 
Joints IV and V less than III. 



A. THASPH. 

11. 



11 



{ 
"{ 



18 



A. BUBIOOLA. 
- 14. 



16 



Stigma very blaok and conspicuous ; abdomen of a deep black. 

-------- A. XXOJAM, 

Stigma at most only smoky; abdomen more or less green. - 12. 

Joint III alone with sensoria. ..... 13. 

Joints 3-5 with sensoria. - - - - A. CABDUEIXA. 

Joint III with a single row of rather large sensoria. 
Joint III with numerous irregularly placed sensoria. 

Style long, body yellowish-green. - - - A. EUPATOBn. 

Style short, body greenish. - - - A. asclepiadis. 

Abdomen of winged form with spots or patches of white flocculent mat- 
ter above. ------ A. maoui«ata. 

Abdomen with no flocculent matter. ... - 16. 

Second branch of the cubital very near to the apex of the wing. 

- - - - - - A. 8ALI0IOOLA. 

Second branch from midway between the apex and the base. - 17. 

Color black, or at least not green. .... ig. 

Body with at least abdomen green. . - . - 20. 

Beak reaching second pair of coxae; sensoria all small. A. apabinbs. 

Beak reaching third pair of coxse; sensoria irregular in size. - 19. 

Sensoria present on the fourth, in a single row; larvse black. A. BUMlcis. 
Usually no sensoria on the fourth ; larvss yellowish. A. oxybaphi. 

Honey-tubes twice the tarsi in length; sensoria on III only. A. bipablb. 
Honey-tubes three times the tarsi in length; sensoria on III and TV, 

A. OENOTHKBfl. 

H. Aphis iiiiddletoiiii Thos. 

Aphis middletonii Thomas. Ins. 111., 8th Eept., p. 99, 1879. 

ApterotLsform: The color of a full grown specimen is leaden 
gray, with head more or less dusky; abdomen with marginal 
spots and also commonly some transverse bands of black. Eyes 
as usual in Aphis. Antennae short, about one-third or not more 
than one-half the length of the body, dusky except at base; III 



16 

»{ 



20 
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0.18—, IV 0.10-", V O.OS"", VI 0.08»», VII 0.15"-. Beak rather 
long, reaching third pair of coxsB (0.50—). Legs more or less 
dnsky. Honey-tubes short (0.15""), slightly thickest at base. 
Style short, conical, hairy. Anal plates dusky or black. Length 
of body 1.60-1.75"". 

This peculiar species is found very plentiful on the roots of 
Erigeron canaderms, and more rarely on AnibroHa trifida. Dr. 
Thomas gives several other plants on the roots of which it is 
found. Winged specimens have never been taken. Young 
specimens are all more or less pulverulent.* 

9. Aphis trifolii n. sp. 

Specimens of another subterraneous species, as- found on the 
roots of Trifolium repens Linn., was brought to my notice lately, 
but I only made some general notes at the time and have not 
since succeeded in finding it, and can therefore not give a full 
description. It can be recognized by its pale red or pinkish 
color, in size much smaller than the preceeding, with which it in 
other respects is quite similar. 

lO. Aphis lonicerse MoneU. 

Aphis lonicercB M.one\\, Bull. Geol. Surv. Terr., Vol. V., p. .26, 

1879. 
OhaUophoriks lonicera Thomas. Ins. 111., 8thBept., p. 104, 1879. 

** Winged individuals: Green, often with two darker longitud- 
inal stripes. Head and thorax brownish. AntennfiB about as 
long afi the body; frontal tubercles short, but distinct; apical 
joint filiform, as long afi the two preceding taken together. 
Eostrum reaching below the second pair of coxsd. Wings hya- 
line; stigma rather long. Nectaries scarcely projecting above 
the surface of the abdomen. Lateral edges of the abdomen with 
four or five very short, green, mammiform tubercles. Style not 
perceptible. Length 2.54"'"; to tip of wings 4.57""." (Monell). 

* Since writing the above winged specimens have been taken daring the latter part of Septem- 
ber, like the apterous also feeding on the roots near the surface of the ground. Antennse about 
half the length of the body; third joint with several rather large Hcnsoria arranged in almost a 
regular row. Ocelli present but small, the two lateral onee close to the compound eyes. Beak 
reaching second pair of coxae. Head and throax black; abdomen dull f reen as in apterous, with 
alateral row of dusky spots, and more or less pulverulent. Wings as utmal in the genus. Honey- 
tabes short, about as long as the tarai, cylindrical. 

Eggs were observed scattered among the apterous form during the same time. These appear, 
therefore, to be laid on the roots also, and are probably further taken care of by the ants, which 
wtre always found to.attend this species. 
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A peculiar species, found on the wild hone3rsuckle or Lanicera 
glauca Hill. I have seen only the wingless form, which are very 
pulverulent, and exude an abundant liquid secretion that, drop- 
ping on the leaves and surrounding objects, soon hardens into 
a white gummy substance. Antennae nearly as long as the 
body, pale, slightly hairy; III 0.75™™, IV 0.50"", V 0.40—, 
VI 0.15"", Vn 0.50"". Beak reaching beyond second pair of 
C0X8B (0.50""). Legs long, pale; tarsi rather long, with strong 
claws. Length of body nearly 3"" in full grown specimens. 

This species departs somewhat from a typical Aphis, but at 
present may as well be taken in connection with this genus. 

11. Aphis maidis Fitch. 

Aphis maidis Fitch. Ins. N. Y., L, p. 318, 1856. 

Antennae about two -thirds as long as the body, black; third 
and fourth joints with several round sensoria; III 0.30"", IV 
0.15"", V 0.12"", VI 0.10"", VII 0.20"»", but the length varies 
considerable in specimens of different size. Beak short (0.20""). 
Wings hyaline, with slender veins; stigma long and pointed 
stigmal vein curved for half of its length, then running almost 
straight to the apex of the wing. Second branch of the cubital 
ne^ to the apex. Head and thorax black; abdomen greenish, 
with some black markings above. Honey-tubes short (0.12""), 
slightly incrassate, being widest in the middle. Style short, 
not more than One-half the length of the honey- tubes. Length 
of body 1.20"". 

This species is found on all parts of the corn, often proving 
quite destructive when appearing in great numbers. Of late 
considerable attention has been given to this species, as well as 
others found on corn, by the state entomologist of Illinois, as 
found in the reports of that state. Prof. Forbes is evidently in 
error in considering A, maidis as more properly belonging to 
Bhopalosiphum on account of the incrassate honey-tubes. It is 
in all respect an Aphis. 
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12. AphiH marutae Oestl. 

^phis marutw Oestlund. Geol. Surv. Minn., 14th Kept., p. 40, 
1886. 

Antennee similar to Aphis maidis; third joint strongly tuber- 
<2alate. Beak reaching beyond second pair of coxse (0.40°"°). 
!Head and thorax shining black; prothorax with no lateral 
"tiubercle, membrane greenish. Wings with, more robust veins 
'tiian A. maidis; stigmal vein shorter, and curved its whole 
Tength; second branch of the cubital midway between the base 
^of the first branch and the apex of the wing. Abdomen pale 
^reen, with a marginal row of black spots, and a large subquad- 
:s*ate patch above. Honey-tubes and style much as in the pre- 
^<3eding species. Length of body 1.50"". 

Found on ManUa cotulu DC, or common mayweed, as growing 
:lu shaded and protected places. Similar to Aphis maidis in 
jseveral respects, but of a much brighter green. 

13. Aphis brassica' Linn. 

-Aphis hrassivw Linn. Syst. Nat. II., 734. 

Antennse nearly as long as the body, dusky; third joint alone 

^th sensoria, numerous and irregular in size; III 0.55"*'", IV 

0.25"", V0.25"", VI 0.10'"", VII 0.40'"'". Beak reaching sec- 

-ond pair of coxaj. Thorax black, with membrane of prothorax 

pale. Wings hyaline, with slender but distinct brownish veins. 

Abdomen of a dirty green o;: yellowish -green, pulverulent, with 

:a marginal row of spots and transverse bands of black. Honey- 

tul)es short and small, not longer than tarsi (0.10"""); more or 

less dusky. Style about as long as the honey-tubes, very acute 

at apex. Length of body 2""^ 

Found not only on cultivated cabbage, to which it becomes 
quite destructive at times, but also often on the wild mustard, 
Senapis nigra Linn. This species is more or less pulverulent. 

14. Aphis niimuli n. sp. 

AntennflB a little more than one-half the body in length; 
joints 3-5, with numerous sensoria of varying size; III 0.25"", 
IV 0.15"", V 0.15"", VI 0.10"", Vtl 0.20"". Beak reaching 
third pair of coxae. Thorax all black. Wings thin, with slen- 
der brownish veins; stigma narrow, pointed in front; second 
9 
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branch of the cubital nearer the margin than the origin of the 
first branch. Abdomen pale green, with no dusky markings, or 
only a longitudinal middle line of deeper green. Honey-tubes- 
very short, not longer than tarsi (O-IO"*"), concolorous with ab- 
domen. Style about a8 long as the honey-tubes, conical, and 
obtuse at apex. Length of body 1.30"°. 

A small pale greenish species living on' MimtUus jamesii, grow- 
ing in damp places along the river. In size and form of the 
honey-tubes it comes nearest to A, brassicoB, but is a much 
smaller species, and not at all pulverulent. 

15. A pills iiioiiardfle u. sp. 

Antennse nearly as long as the body; the sensoria large, all of 
nearly the same size, and disposed in a single row, about six to 
the third joint, and two or three to the fourth; III 0.25"°, IV 
0.13°°, V 0.12°° VI 0.08°°, VII 0.20°°. Beak reaching third 
pair of C0X8B. Thorax of a deep black, prothorax with a lateral 
tubercle. Wings very much as in preceding species. Abdomen 
greenish, with much mottling of black above. Honey-tubes 
slightly longer than tarsi (about 0.10?°), black. Style about as 
long as tarsi. Length of body 1.10°°; to tip of wings 2.10°". 

Larvce varies from a pale green to almost black. 

Found on the under side of the leaves of Monarda fitdulosa. 
Distinguished from the preceding species by its smaller size, 
darker colors, and large sensoria of the antennse. 

16. Aphis thaspii n. sp. 

Antenna) about two- thirds as long as the body; third joint 
with numerous sensoria, the fourth at most with only a fewf 
joints 4-7 imbricated; III 0.40°°, IV 0.17° , V 0.15°°, VI 
0.10°°, VII 0.28°°. Beak reaching second pair of coxee, or 
slightly beyond (0.35°°). Head and thorax all black, with 
membrane sometimes paler. Abdomen of a dusky green, some- 
times almost black. Wings with slender veins; stigma long 
and pointed in front, slightly dusky. Honey -tubes about twice 
the tarsi in length (0.20). Style about as long as the tarsi, 
obtuse. Length of body 1.50-2°°; to tip of wings 3-3.50°-. 

Found on the umbels of Tfiaspium aureum, nearly always 
accompanied by ants. 



59 

17. Aphis neilliflc n. sp. 

Antennae two-thirds as long as the body, dnsky; joints 3-6 
with nnmerous sensoria, and very taberciilate; III 0.40°", IV 
0.25°», V 0.20°'", VI 0.10""-, VII 0.25°°. Beak moderately 
long (0.40°°). Thorax all black; prothorax with a lateral tuber- 
cle. Legs black, but with the femora more or less pale. Wings 
hyaline, with thin veins; stigma short and broad, all black. 
Abdomen of nearly uniform black, but not shining as the black 
of the thorax. Honey -tubes black, cylindrical, or somewhat 
thicker at base, about twice the tarsi in length. Style short, 
black, obtuse. Length of body 1.80°°; to tip of wings 3.50°°. 

Found on the under side of the leaves of NeUlia optUifolia 
Linn. Well characterized by the short and broad stigma, very 
black in comparison with the otherwise hyaline wings. 

• 

18. Aphis eupatorii OesiL 

Aphis eupatorii Oestlund. Geol. Surv. Minn., 14th Bept., p. 39, 
1886. 

AntennsB two-thirds as long as the body; third joint above 
with distinct sensoria, which are numerous, and the joints much 
tuberculate; III 0.35°°; IV 0.20°°, V 0.15°°, VI 0.10°°, VII 
0.25°". Beak rather long, reaching third pair of coxae (0.50°°). 
Head and thorax black; prothorax with membrane greenish, 
also with a distinct tubercle. Wings hyaline, with slender 
veins; stigma elongate, hardly dusky. Abdomen greenish-yel- 
low, with a marginal row of spots, and last segments more or 
less dusky above. Honey- tubes about one and a-half times the 
tarsi in length (0.20°°)^ of the same color with the abdomen, or 
but slightly dusky. Style as long as the honey-tubes, concol- 
orous with the abdomen. Length of body 1.70-2°°; to tip of 
wings 3-3.50-°. 

Found on the flower stalks of Eupatorium perfoliatum Linn. 

19. Aphis carduella Walsh. 

Aphis cardudla W2k\Hh, Proc. Ent. Soc. Phil., Vol. I., p. 300, 1862. 

Antennffi somewhat shorter than the body; joints 3-6 with 
numerous mostly small sensoria; III 0.30°°, IV 0.20°°, V 
0.15-°, VI 0.10°°, VII 0.20°°. Beak reaching third pair of 
C0X8B (0.40—). Head and thorax of a dull black; prothorax 
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with a lateral tubercle. Wings with very slender veins; oostal 
yellowish; stigma slightly dasky, about as long again as broad. 
Abdomen of a dull green, with a marginal row of black spots. 
Honey-tubes about half as long again as the tarsi (0.15""). 
Style slightly shorter. Length of body 1.25°°; to tip of wings 

Qmm 

Found rather common on several species of (Xrcium, or thistle. 

20. Aphis asclepiadis Fitch. 

Aphis asclepiadis Pitch. Cat. Hom. N. Y. St. Cab., p 65, 1851. 
Siphonophora asclepiadis Thomas. Bull. III. St. Lab. Nat. Hist., 
No. 2, p. 7, 1878. 

AntennsB two-thirds as long as the body, third joint with 
numerous irregularly placed sensoria; . Ill 0.35°°, IV 0.18"", 
V0.15™% VI 0.10°°, VII 0.25°°. Beak nearly reaching third 
pair of coxsB. Head and thorax shining black; prothorax with 
a lateral tubercle, membrane greenish. Wings hyaline, with 
very slender veins; stigma elongate, grayish. Abdomen pale 
green, with a marginal row of impressed black dots, also some 
black above on the last segments. Honey -tubes about twice the 
tarsi (0.20°"°). Style not more than one-half the honey-tubes. 
Length of body 1.50°°; to tip of wings 3-3.10°°. 

A rather common species, especially on Asdepias cornuti^ but 
also found on Euphorbia and Apocyne. What I quote as Aphis 
apocyni in my list of the AphididsB of Minnesota, on the author- 
ity of Dr. Thomas, I consider now to be the same as Aphis 
asclepiadis, 

21. Aphis rubicola n. sp. 

Antennae nearly as long as the body; joint 3 with only a few 
(3-6) very large sensoria in a single row; III 0.18°°, IV 0.12°", 
V 0.10°°, VI 0.08™°, VII 0.22°°. Head and thorax shining 
black; membrane of prothorax greenish. Wings with slender, 
brownish veins; stigma elongat'C. Abdomen greenish. Honey- 
tubes concolorous with abdomen, twice the tarsi in length 
(O.IS™""). Style half as long as the honey-tubes, pale, hairy. 
Length of body 0.75-1°"; to tip of wings 2°°. 

ThLs is one of our smallest Aphis, found on the under side of 
the leaves of Riibus stri^osus Mx. Should be easily recognized 
from our other species on account of its small size and simple 
sensoria. 



(>1 

22. AphiH maculatae n. sp. 

AntennaB aboat two-thirds as loDg as the body, slightlj pubes- 
cent with spreading hairs; third joint with nameroas distinct 
sensoria; III 0.40"°, IV 0.20»'», V 0.20°"", VI 0.12°°, VII 
0.35°°. Beak nearly reaching third pair of coxsb (0.50°°). 
Thorax of a deep black; prothorax with a large and distinct 
lateral tubercle. Wings hyaline, with slender, brownish veins; 
stigma elongate, smoky; second branch of the cubital nearer to 
the margin than the origin of the first branch. Abdomen black- 
ish, with tubercle to the segments along each side; donsum with 
patches of a pure white flocculent matter, disposed somewhat 
in rows, ventral uniformly pulverulent. Honey-tubes about 
three times the tarsi in length (0.30°° , dusky. Style about as 
long as the tarsi, hairy. Length of body 2"°; to tip of wings 
4"». 

A species found early in the season on dog- wood {Conius), on 
the under side of the leaver. Very characteristic on account of 
the white flocculent patches of the abdomen, found both in the 
winged and wingless form. The antennsB in the long and 
spreading hairs comes nearer to the hirsute character of Ghait- 
ophorus than any other Aphis with which I am acquainted. 

23. Aphis rumicis Linn. 

Aphis rumicis Linn. Syst. Nat., II., 734. 

AntennsB two-thirds as long as the body; third joint with 
numerous irregular sensoria, fourth commonjy with a few rather 
large ones in a single row; III 0.40"°, IV 0.30°°, V 0.25°°, 
VI 0.12°°, Vn 0.35°°; last joint varies considerable, sometimes 
even as long as the third. Beak about 0.50°° long. Thorax all 
black, shining; prothorax with a lateral tubercle. Legs mostly 
^v^ith pale or whitish tibiae. Wings pellucid, with very slender 
veins; stigma elongate, grayish. Abdomen black or blackish. 
Honey-tubes black, somewhat more than twice the tarsi in length 
(0.25°°). Style half as long as the honey-tubes. 

One of our most common species, found on a great number of 
different plants, but more often on Chenopodium and Eumex. 
The synonyms of this species are very numerous, some authors 
giving as many as twenty, but from thie scanty descriptions of 
the older entomologists, especially in Aphis, it becomes very 
difficult to say which are synonyms and which are not. The 
whole subject needs a careful revision. 
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24, AphiH oxybaphi n. sp. 

AntennsB a little shorter than the body, black; joint three with 
numerous small round sensoria; transition from the sixth to the 
seventh abrupt; III O.SO"*", IV 0.25°»», V 0.23"", VI 0.15"", 
VII 0.25"*". Beak about 0.50"*" long. Prothorax with a lateral 
tubercle. Wings hys^line; stigma long and narrow, pointed in 
front; second branch of cubital nearer the apex than the base of 
the first branch. Wings yellowish at base. Legs with black 
femora except first pair; all the tibisB pale, but with black tarsi. 
Abdomen of a uniform pale reddish-brown, with a marginal row 
of black patches. Honey-tubes hardly longer than the tarsi in 
the winged male, but much longer in the female and in the wing- 
less form; cylindrical, black. Style short and stout, conical. 
Length of body 1.50-1.80"". The larvsB are much paler, 
almost of a lemon-yellow, with some mottlings of darker color on 
the dorsum of the abdomen. 
• Found on the stems andleaves of Oxyhaphis anffustifoUus, 

25. Apliis apariues Fab. 

AntennjB about as long as the body, on moderately developed 
frontal tubercles, which are slightly gibbous on the inner side; 
sensoria small and irregularly placed on joints 3-5; HI 0.30"", 
IV 0.25"", V 0.15"", VI 0.10"", Vn 0.30"". Beak reaching sec- 
ond C0X8B (0.35""). Prothorax with no lateral tubercle, shining 
black. Stigma elongate, slightly dusky. Abdomen black. 
Honey-tubes about twice the length of the tarsi (0.25""), cylin- 
drical, black. Length of body 1.40""; to tip of wings 2.80"". 

Pound on Galium aparine Linn. 

2($. Aphis oenotherse n. sp. 

Antennae shorter than the body, black, or only base of third 
joint pale; joints 3-5 with a moderate number of rather small 
sensoria; III 0.25"™, IV 0.18"^ V 0.15™°^, VI 0.10"», VII 
0.25™°. Beak moderately long. Thorax of a deep dull black; 
prothorax with a tubercle, membrane greenish. Abdomen 
bright green, with a marginal row of black spots. Honey-tubes 
about three times the tarsi (0.30™™). Style about half as long as 
the honey-tubes, cylindrical, very acute at tip, dusky or black. 
Length of body 1.50™°; to tip of wings 3"". LarvsB pale green. 
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Found among the seed-pods and upper stems of (Enothera, 
This as well as the foregoing species shows some affinities to the 
next tribe. 

27. Aphis riparise Oestl. 

Aphis riparias Oestl. Geol. Surv. of Minn., 14th Bept., p. 41, 

1886. 

Antennae about as long as the body, black, except base of third 
joint; third joint with numerous small sensoria, seventh nearly 
as long as the third. Beak reaching second coxie. Thorax dull 
black; prothorax with a lateral tubercle. Second branch of the 
cubital nearer to the apex of the wing than the base of the first * 
branch. Honey-tubes about twice the length of the tarsi. 
Style about as long as the tarsi, cylindrical, obtuse at apex. 
Length of body 2'^. 

Found on the under side of the leaves of Vitis riparia Mx. 

28. Aphis salicicola (Thos.). 

Siphonaphora salicicola Thos. Bull. l\h St. Lab. Nat. Hist., 2, 

p. 8, 1878. 
Aphis sdlicicolu Monell. Bull. U. S. Q^ol. Surv. Terr., Vol. V, 

No. 1, p. 24, 1879. 

Antennje shorter than the body; third joint with a single row 
of rather smaU sensoria; III 0.30"»» IV 0.15"", V O.IS"*-, VI 
0.10°™, VII 0.25'°». Beak reaching third coxae. Thorax all 
black; prothorax with a lateral tubercle. Wings hyaline, with 
slender, brownish veins; second branch of cubital vein very 
near to the apex of the wing. Abdomen dark green, with more 
or less black above. Honey-tubes about three times the tarsi in 
length, or somewhat more, pale green, becoming dusky at tip, 
cylindrical, but slightly widest at base. Style long and Nectar- 
ophora-like, about one-third the honey- tubes in length, slightly 
curved and thickest in the middle. Length of body 1.50°"°; to 
tip of wings 3.30»». 

Found on the under side of the leaves of Salix discolor. This 
species also shows strong affinities to Nectarophora, but is 
undoubtedly best taken in connection with Aphis, as has been 
done by Mr. Monell. 
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C. Aphis nectarophorini. 
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SYNOPSIS OF THE SPECIES. 

Sevontli joint It^s than twice the tliinl in length. 
Seventh at least' twice as long lus the third. 

Honey-tnbes short, about twice the tarsi in length. 
Honey-tube8 longer. . . _ . 

Antenna: not as long as the botly. 

Antennae as long as body. - . . 

Honey-tubes knobbed at ajH^x. 

Honey-tubes not knobbed. . . _ 

Beak reaching abdomen. - - - 

Beak not reaching abdomen. - _ - 

Be^k very short, not reaching sH-ond coxa'. 
Beak longer. ----- 

Prothontx with no latcnvl tuben-lc. 

Prothorax with a tubercle. - - . 

Second bnmch of cubital n<*ar ap«'X of wing. 
Second branch midway. • - - - 

Ant<ennie longer than body. 

Anteunaj shorter. - . - - 

Abdomen of uniform color, pale brown. 
Abdomen yellowish, with a dorsiU patch of black. 



2. 
9. 

3. 
4. 

A. MALI. 
A. PRUNIFOLUE. 

A. FBIGIDf. 
5. 

- A. CABDUI. 
6. 

A. ADIANTI. 
t. 

- A. ANNU-K. 

A. FR0NDOa£. 
A. POLANIKIJE. 

A. SETARI.«. 
10. 

A. SPIB.£^. 
A. AGKRATOIDG8. 



29. Aphis iiiali Fab. 

Antenn® short<?r than the body, black; IH 0.28»», IV 0.1 5"'-, 
V 0.15">», VI 0.08""", VII 0.40"". Head and thorax black, with 
membrane of prothorax usually green. Wings ratl^r long, 
hyaline; second branch of the cubital rather near to the apex. 
Legs pale, with black joints and tarsi. Abdomen green, with a 
row of black dots on each side. Honey-tubes about twice the 
tarsi in length, more or less dusky. 

Found rather plentiful throughout the season on the common 
apple, the crab-apple, as well as the mountain ash. They are 
found mostly on the leaves, but when very numerous also on 
the tender twigs. Dr. Fitch's ApHs muHfoViw appears to be but 
a variety. 



65 

30. Aphis prunifoliae Fitch. 

Aphis pmnifolicB Fitch. Ins. N. Y., I, p. 122. Trans. N. Y. St. 
Ag. Soc, Vol. XIV, p. 826, 1855. 

AntennsB as long as the body. Head and thorax shining 
black; abdomen pale green, with a marginal row of dots. 
Honey-tubes cylindrical, reaching to the tip of the abdomen. 

A species very similar to the foregoing found on the plum 
tree. Our species appears to be distinct from the European 
A. prunij but should be further compared. I have observed the 
species but once in Minnesota, and at the time only took some 
general notes. Thomas and Saunders consider it identical with 
the European, while Monell and Osborn give it as above. 

31. Aphis fHgidae Oestl. 

Aphis frigidcB Oestl. Geol. Surv. Minn., 14th Bept., p. 46, 1886. 

Antennae a little shorter than the body; III 0.25"*'", IV 0.15°^°», 
VO.15'^, VI 0.10""°, VII 0.35"*". Beak reaching third coxsb. 
Thorax black. Wings hyaline, with black and rather prominent 
veins; second branch of cubital nearer the apex than base of 
the first branch. Abdomen longer than broad, rather acute 
behind. Honey -tubes long and slender, cylindrical, being en- 
larged and round at tip, as if ending with a knob, about 0.40°°. 
Style short and conical, concolorous with abdomen. Length of 
body 1.30°°. 

A very peculiar species, found occasionally together with Nec- 
tarophora frigidce on Artemisia frigida. It is a small active 
species, of grayish color from the pulverulent body, found mostly 
on top of the branches above a colony of the above named Nec- 
tarophora. 

32. Aphis cardui Linn. 

Antennae black, nearly as long as the body; third joint with 
numerous sensoria; III 0.45°°, IV 0.30°°, V 0.20°°, VI 0.10°°, 
"VII 0.55°°. Beak very long, reaching beyond third cox®. Thor- 
5ix shining black; membrane of prothorax yellowish. Wings 
liyaline, slightly iridescent; stigma rather broad. Legs pale 
trown, with tips of joints black. Abdomen brownish or green- 
ish-brown, with a marginal row of black spots, usually with a 
large quadrate patch of black above; ventral pale greenish- 

10 
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brown. Honey-tubes cylindrical, somewhat enlarged at base, 
about 0.30"° long, black. Style short, conical, concolorous with 
abdomen. Length of body 2"""; to tip of wings 3.50"". 

Found on Oircium lanceoUdum, Has the beak longer than any 
other Aphis with which I am acquainted. The color varies a 
great deal, especially of the larvae, from a decided yellow to 
a brownish-green. Numerous ants were found to attend this 
species. 

33. Aphis adianti (Oestl.). 

8iphonaphara adianti Oestl. Geol. Surv. Minn., 14th Bept., p. 26, 
1886. 

Antennie about as long or longer than the body, black except 
at base, on small frontal tubercles; HI 0.30"'", IV 0.20™", V 
0.20"", VI 0.10"", Vn 0.45"". Beak short, not reaching second 
coxse. Abdomen short and broad, rounded behind. Honey- 
tubes long (0.35""), cylindrical, dusky above. Style short, con- 
ical, concolorous with abdomen. Legs rather short, pale in 
color. Whole body of a lemon-yellow, with the antennsB, tips 
of the legs, and honey-tubes, dusky or black. 

Found on the fronds of Adiantum pedatum Linn. Although 
this species has been observed from June until October, and is 
by no means a rare form, none but wingless have yet been 
found. It is undoubtedly an Aphis, and not Siphonophora, as I 
at first considered it. 

34. Aphis annuse OestL 

Aphis annuoB Oestl. Geol. Surv. Minn., 14th Bept., p. 43, 1886. 

AntennsB a little shorter than the body, black; m 0.30"", IV 
0.25"", V 0.20"", VI 0.10"", VII 0.50"". Head and thorax shin- 
ing black; prothorax with no lateral tubercle. Wings long; 
second branch of the cubital very short and near the margin of 
the wing. Abdomen dull green, sometimes with a marginal 
row of black spots. Honey-tubes about twice the tarsi in 
length, black. Style about half as long as the honey-tubes, 
black. Length of body 2""; to tip of wings 3.50"". 

Found on leaves and stem of Poa annua Linn. 
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35. Aphis frondosse Oestl. 

Aphis froTidosdB Oestl. G^eol. Surv. Minn., 14th Kept., p. 38, 1886. 

AntennsB about as long as the body, black; joints 3-5 with 
sensoria placed in a single row; III 0/65"^, IV 0.26°^, V 0.25"^, 

VI 0.15™", VII 0.45™°*. Thorax all black. Wings hyaline, with 
narrow, blackish veins. Second branch of cubital nearer the 
margin of the wing than to the base of the first branch. Ab- 
domen greenish, with more or less marking of black above. 
Honey -tubes about 0.30™" long, black. Style conspicuous, about 
half the honey -tubes in length, slightly curved as in Nectaro- 
phoi-a. Length of body about 1.80°"". 

Found in large colonies on Bidens frondosa Linn. 

36. Aphis polauisiae Oestl. 

Aphis polanmcB Oestl. Geol. Surv. Minn., 14th Eept.,p.42, 1886. 

Antennse about as long as the body, or ofben somewhat shorter, 
on inconspicuous frontal tubercles; third and fourth joints with 
numerous sensoria. Ill 0.30"™, IV 0.15"™, V 0.12™™, VI 0.10™™, 

VII 0.20™™. Head and thorax black; prothorax with membrane 
green, also with a lateral tubercle. Abdomen greenish, or yel- 
lowish green, with a marginal row of dots, and a large quadrate 
patch of black above. Honey -tubes about twice the tarsi in 
length, concolorous with abdomen or slightly dusky. Style 
rather thick and conical, concolorous with abdomen. Length 
of body 1.80-2-"; to tip of wings 3.60™™. 

Found on the seed-pods and leaves of Polanisia graveolens Baf. 
The wingless form are usually of a uniform green with the pods 
on which they are found. 

37. Aphis setarise (Thos.). 

Siphonophora setarice Thos. Bull. Dl. St. Lab. Nat. Hist., 2, p. 5, 

1878. 

Aphis setarice Monell. Bull. TJ. S. Geol. Surv. Terr., Vol. V, 2, 
p. 23, 1879. 

AntennsB about as long as the body, or often longer, on in- 
conspicuons frontal tubercles; third joint with sensoria, and 
tuberculate. Ill 0.30™™, IV 0.20™™, V 0.15™™, VI 0.10"", VEI 
0.60"™. Thorax dull black, prothorax with a lateral tubercle. 
Legs very pale, with dusky joints and tarsi. Wings hyaline; 
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econd branch rather near the apex; stigma slightly dnsky. 
Abdomen pale brown. Honey-tubes dusky, about 0.25"". Style 
very pale, almost white, fully one-half the honey -tubes in length. 
Found on Setaria glauca Beauv., Panicum crus-gaUi Linn, and 
on AmpelopHs quinquefolia Mx. 

38. Aphis spiraese n. sp. 

Antennae on slight fiontal tubercles, nearly as long as the 
body, bla<*k; third joint thickest and tuberculate, the distinc- 
tion between third and fourth often subobsolete; III 0.30"", IV 
0.20"", V 0.20"", VI 0.10"", VII 0.55"". Beak stout, reaching 
second coxse. Head and thorax black; prothorax with a tuber- 
cle. Wiugs with narrow veitis; stigma black, pointed in front, 
elongate. Legs very pale, but with black joints and tars^i. 
Abdomen of a uniform dark reddish-brown. Honey-tubes long 
and slender, black. Style as long as the tarsi, straight, pale or 
almost white. Length of body 2""; to tip of wings 3.50"". 

Found on Spircea aaXicifolia Linn. 

39. Aphis ageratoidis Oestl. 

Aphis ageratoidis Oestl. 

AntennsB on inconspicuous frontal tubercles, somewhat shorter 
than the body, black; III 0.25"", IV 0.18"", V 0.15"", VI O.IO™*, 
VII 0.50""; third and fourth joints with sensoria. Beak reach- 
ing second coxae. Thorax black; prothorax with a tubercle; 
membrane greenish. Abdomen pale yellow, with a dorsal patch 
of dark green, which is much longer than broad. Honey-tubes 
twice the tarsi in length, black. Style slender, pale yellow, 
about as long as the tarsi. Length of body 1.60""; to tip of 
wings 3"". 

Found on the flower heads of Bupaiorium ageraioides Linn. 

The foUowing Aphidinse have been recorded as American, but not yet found 
here: 

Sipha rubifolii Thomas,^ found on the under side of leaves of the oommon 

blackberry. 
Aphis cerasicolena Fitch, on the common black cheny tree (Cerasw BeroHna), . 
Aphis samhucifolise Fitch, on the under side of the leaves of elder. 
Aphis circsezandis Fitch, on Oalinm eircaezans. 
Aphis gossjfpii Glover, on the cotton plant. 



* The genus Sipha is similar to Aphis, but the antenna is onlj six-Jointed, and similar to 
that of Mastopoda. 
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AjMs viiu. Scop., on tame grape yines. 

Aj^iis quercifoUm Walsh, on the oak. 

Aphis coriopHdia (Thomas), on the heads and flower stalks of Coriopna aristoM. 

Aphis diospyri Thomas, on the leaves of Diaspyros virginiana. 

Aphis vemonise Thomas, on the under side of the leaves of Vemonia fasaictiUxta, 

Aphis cephalanihi Thomas, on young twigs and the leaves of the button-bush 

{CepJuUanihus). 
Aphis impatientis Thomas, found on Impaiiens fulva. 
Aphis ItUescens Monell, on Ascl^ias syriaca. 
Aphis calendtUicola Monell, on the under side of the leaves of Calendula mir 

cratUha. 
Aphis medicaginis Koch, found on Caragana arhorescenSj Bobinia viscosa and 

MelUoius italica, according to Monell. 
Aphis atripiicis Linn., a common aphis on the Chenopodiaceas, according to the 

same author. 
ApMs hyperid Monell, on the young twigs and under side of the leaves of 

Hypericum kalmianum, and H. prolificum according to Thomas. 
Aphis nerii Ealt., on oleander. 

Aphis cueumeris Forbes, on Cucumis and allied plants. 
Ap?iis ciiri Ashmead, on Citrus. 

Genus SIPHOCOBYNE Passerini, 1880. 

AntennsB on no frontal tubercles, shorter than the body; third 
joint very tubercnlate, so as to appear as serrate on the under 
side; seventh joint not longer than the third. Beak moderately 
long. Wings and legs as in Aphis. Honey-tubes moderately 
long, rarely long, distinctly clavate. Style short. 

The genus is difficult to define, as we have no very distinct 
characters to rely upon. It is often defined as similar to Rho- 
palosiphum except in wanting the frontal tubercles, but as this 
is not a reliable character in all cases, Mr. Monell has suggested 
that this genus be united with Ehopalosiphum, which then, 
taken in its widest sense, would be known especially by the 
clavate honey-tubes. Although we may not put that import- 
ance on the presence or absence of frontal tubercles, as it has 
been customary to do, I still think it is a good generic charac- 
ter, and helps us to readily separate the Aphidini from the 
l^ectarophorini. I would therefore retain the present genus for 
those species with clavate honey-tubes and the antennse on no 
frontal tubercles. Besides, the antennse are shorter than the 
body, and with a much tubercnlate third and also sometimes 
fourth joint, so as to appear as serrate and slightly curved. The 
genus is also more especially confined to the UmbellifersB. 



* ' - — ' — ^ — ^ 

_ XMUifo^n w-.Tii 1 .UHER inraak 3Krea -it' lia^k. - 



Aoc^miuft xwjC BMn^ than oo^half ciL«^ Ii»gdL of die bodr^. blavk; 
thir»l Jfcn4 iViurth joinr'Ti^ry nia«^ tiibt^reiiLite uid serrase. mod 
almfiAt ^/nnaDr: III •>.4'y— . IT iXl^— . V •Xliy— . VI iXlDf— . Vn 
<r.Ly"*. Brak mhort. q*j€ inf>c^ than nftiching secood coxae;, 
fl^a/l ^kod thr^rax fining black: pro€li!»rax with no latteiml 
tn\pf:Tf:\f:. membrane gn^n. Stigma long and narrov: stigmai 
vf^n fmrvfrd itA whole length and terminating midwaT between 
th#; Mtigma and seeond branch of the enbital. Abdomen green- 
lAh. with a patch of black above. Honey-tnbes concoloroos with 
2kMomen or slightly diLsky. reaching to the tip of the style^ 
widening to twice the diameter in the middle. Style shorty 
€//nical« Length of body 2-2.50": to tip of wings 3.50'". 

Found on the nmbels of Afrkamgeliai atropurpmrea Hoffin. 

2. SiphocoryiK^ salicis (Mooelli. 

£hopai/jjnphum mlicU MonelL Boll. U. S. CreoL Snrr. Terr., 
Vol. V, So. I, p. 26, 1879. 

AnU'.nnih alxint half as long as the body: third and fonith 
Joints MulK'onnate, very rough and serrate; III 0.45*", IT 0.15"", 
V 0.15—, VJ O.Ur-, VII 0.30—. Beak reaching beyond second 
eox0$ and much longer than in preceding species. Origin of the 
HtiC^md branch of cubital nearer to the margin of the wing than 
iA} the first branch. Stigmal vein running straight to the margin 
for half its length, and terminating nearer to the second branch 
than to the stigma. Abdomen green, with some transverse 
markings of deeper color above. Honey-tubes reaching tip of 
abdomen (0.35'""'), enlarged to twice their diameter in the mid- 
dle. Htyle about one-third as long as the honey -tabes, robust. 
Length of body 2""; to tip of wings 3.50—. 
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Found on the leaves of Salix lucida. Specimens here are some- 
what larger than that given by Mr. Monell. 

3. Siphocoryne xaiithii Oestl. 

Siphocoryne xanthii Oestl. Greol. Surv. Minn., 14th Bept., p. 36, 

1886. 

Antennae about one-half the length of the body; third and 
fourth strongly tuberculate; III CSS"", IV 0.20'"°*, V 0.15°*", VI 
0.08"'", VII 0.30"". Beak not reaching second coxae. Thorax 
black. Second branch about midway between the margin of the 
wing and origin of first branch. Abdomen yellowish-green, with 
transverse markings of deeper green. Honey-tubes pale, reach- 
ing to or beyond tip of abdomen, enlarging in the middle or 
slightly above to twice the diameter at base. Style as long as 
the tarsi, curved. Length of body 2"". 

Found on the under side of the leaves of XarUhium canaderise 
Mill. 

In my preliminary list of the Aphididae of Minnesota I give 
8. xanthii as a typical American species of the genus in question, 
which should have been 8. archangelicce, as xanthii is not typical 
but partakes somewhat of the next tribe, coming near to Myzus. 

TRIBE NECTAROPHORINI. 

Antennae generally longer than the body, on distinct frontal 
tubercles; the setaceous seventh joint often longer than the 
third. Beak long. Legs long and slender. Abdomen nearly 
always longer than broad, cylindrical, widest in middle and 
pointed behind. Honey-tubes long, cylindrical, or enlarged in 
the middle and clavate. Style long, nearly always acute and 
somewhat curved upward. 

As before stated, the tribes of this sub-family are difficult to 
define, as there are exceptions to every chai^cter with which we 
are acquainted, yet the division appears to be natural. The 
present tribe, as a rule, is known by a larger size, abdomen long 
and more or less pointed behind. All the appendages are also 
longer in proportion to the body than in the two preceding 
tribes, showing a greater activity and varied mode of life. The 
great majority are found on annual plants, and more rarely on 
the leaves of shrubs or trees. 
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The genera are not as well defined in this tribe as what is gen- 
erally the case in the family , and authors, therefore, differ much 
in regard to their number and extent. We would recognize the 
following genera as American: 



{ 
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8 
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Honey-tubes cylindrical. - - - - - - 2. 

Honey-tubes incrassate. ------ 3. 

Antenna) on prominent and approximate frontal tubercles. 

Kectabophora. 

Frontal tubercles not approximate; gibbous, as is also the first joint. 

Myzus. 

Prothorax with a lateral tubercle; wings clouded. Macbosiphum. 

Prothorax with no lateral tubercle. - - Khopalosiphum. 

Geuus MYZUS Passerini, 1860. 



AntennsB about as long a8 the body, situated on moderately 
distinct frontal tubercles, which are gibbous on the inner side. 
First joint of the antenna also gibbous. Legs moderately long. 
Honey-tubes rather long, cylindrical. Style moderately long. 
Body often with capitate hairs. 

It may still be considered as an open question if we are justi- 
fied or not in retaining the present genus. This, as well as the 
following genus, partakes more or less of the three tribes of the 
AphidinsB, and may be considered as intermediate forms, which 
it becomes convenient thus to put together in a separate genus. 

Some of the species partake strongly of the Callipterini in their 
pale colors and capitate hairs of the body; the length of the an- 
tenna is mostly that of the Aphidini, and also often in the shape 
and size of the body; but most of the characters ally them with 
the tribe under consideration. 



The following species have been found in Minnesota: 

Corrugating the leaves. ----- M. BiBis. 

Not corrugating the leaves. - - - - - - 2. 

Wingless form with capitate hairs. - - - M. BOSABUM. 

With no capitate hairs. ------ 3. 



{ 
{ 



( Color of body black. ----- M. CBBASI. 

\ Color of body green. - - - % - M. achybantbs. 
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1. Myzus cerasi (Fab.). 

Aphis cerasi Fab. 
Myztis cerasi Pass. 

AntennsB about three-fourths the length of the body, black; 
III (1.40"^, IV 0.25»", V 0.20"", VI O.IO"", VII 0.30"". Honey- 
tubes about 0.35"" long, black; style about one-third as long. 
The winged form is shining black, but the wingless forms are 
usually of a dull black or brown. Abdomen short and very 
broad, giving an ovoid or globose outline to the body. The 
males have the antennsB much longer than the body, according 
to Buekton. 

This species is very common on the cultivated cherry, and at 
times appears in enormous numbers. They are mostly found on 
the leaves, but when very numerous will also attack other parts 
of the tree. This species comes nearest to Aphis in general 
appearance and habit, and departs more from the typical Myzus 
than any other species of the genus. 

2. Myzus rosarum (Walk.). 

Aphis rosarum Walk. 

JSiphonophora rosarum Koch. 

Myzus potentHloB Oestl. Geol. Surv. Minn., 14th Bept., p. 30, 1886. 

Antennae as long or a little longer than the body, black; III 
0.55"", IV 0.30"", V 0.30"", VI 0.12"", VIIO.45"". Beak reach- 
ing to or slightly beyond second coxae. Legs black, with base 
of the femora and tibiae paler. Abdomen greenish, with more 
or less black above in the form of transverse bands. Honey- 
tubes pale, about three times the tarsi. Style short, acute, pale. 
Length of body 2"". 

The larvae of this species are provided with capitate hairs. 

Found on the wild rose and on PotentiUa anserina Linn. 

Last year I described this species as new from the PotentiUa, 

but I have since found the same on the rose, and this led me to 

compare it with Buekton' s Siphonophora rosarum^ with which it 

appears to be identical. 
11 
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3. Myzus ribis (Linn.). 

Aphis ribis Linn. 
Myzus ribis Pass. 

AntennsB longer than the body, black; third and fourth jointa 
strongly tubercolate, and with numeroos sensorla; III 0.60"**, 
rV 0.40'^, V 0.40"^, VI 0.1 0"» VII 0.90-1.10"". Beak rather 
long, about 0.50"". Head and thorax shining black; abdomen 
pale green or yellowish-green, with a large quadrate patch of 
black above, the margin with a row of black dots. Honey-tubes 
pale or but slightly dusky, cylindrical, or sometimes widening 
in the middle, and thus approaching to the following genusf 
about 0.40"" long. Style conical, concolorous with abdomen, 
about one-third as long as the honey-tubes. Length of body 
2""; to tip of wings 3.75"". Larvae very pale, and with capitate- 
hairs. 

Pound on the cultivated currant, corrugating the leaves.^ 
Shqpalosiphum ribis Koch, I think, is but a variety of the above* 

4. Myzus achyrantes (Monell). 

Siphonophora achyrantes Monell. Bull. XJ. S. Gteol. Surv. Terr., 

Vol. V, No. 1, p. 18, 1879. 
Mysms nialvce Oestl. Geol. Surv. Minn., 14th Eept., p. 31, 1886. 

AntennsB about as long as the body, black; in 0.55"", IV 
0.45"", V 0.35"", VI 0.15"", VII 0.50"". Beak reaching second 
C0X8B. Abdomen pale green, with transverse markings above of 
black, often becoming confluent into a patch above the honey- 
tubes. Honey -tubes cylindrical or more rarely slightly enlarged 
in the middle as in preceding species, pale, becoming dusky at 
the apex. Style long, slender, slightly curved upward. Length 
of body 2.50""; to tip of wings 4"". 

This species shows much in common with Nectarophora, in 
which genus it was also placed by Mr. Monell, who first des- 
cribed the same. 
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Genus BHOPAIiOSIPHUM Koch, 1854. 

AntennsB on more or less distinct frontal tubercles, about as 
long as the body or sometimes much longer. Beak of variable 
length. Prothorax with no lateral tubercle. Honey-tubes 
enlarged in the middle or clavate, moderately long, or some- 
times very long. Style also varies from small and slender to the 
large curved one of the next genus. 

The characters of this genus vary to a great extent, and the 
only character that is anything like constant is the clavate honey- 
tubes. The smaller species, with antennsB about as long as the 
body, partake a good deal of the Aphidini; while the larger 
species with long antenna) and distinct frontal tubercles are more 
closely related to the following genera. The following species 
have been found within our district: 
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Style small and slender; of moderate size. - - - 2. 

Style long and more robost; size larger. - - - - 3. 

Antennae shorter than body; veins robost. - - R. sebotina. 

Antennae a little longer than the body; veins normal. - R. Biiois. 

Style conical. ------ R. solani. 

Style large and curved upward. - - - - - 4, 

Antennae excessively long; size large. - - - R. oxoclks. 

Antennas a little longer than body; size not so large. - - 5. 

Abdomen with a dorsal patch of black. - - R. dianthi. 

Abdomen with no dorsal patch. - - - - R. kabali. 

1. Bhopalosiphum rhois MonelL 



BJuypalosiphum rhois Monell. Bull. XJ. S. Geol. Survey Terr., Vol. 
V, No. 1, p. 27, 1879. 

Antennae a little longer than the body, black, on rather incon- 
spicuous frontal tubercles; III CSO*^, IV 0.40"", V 0.30"", VI 
0.15"", Vn 0.50"". Beak reaching second coxae. Head and lobea 
of thorax all black, membrane somewhat paler. Wings with slen- 
der, black veins. Abdomen brownish-yellow, but often greenish.. 
Honey -tubes about 0.40"" long, clavate. Style small and slen- 
der, about one-third the honey-tubes in length. Length of body 
1.60-2"". 

This species is found on the under side of the leaves of Bhus 
glabraj mostly along the midvein. The apterous forms are red- 
dish-brown, but the winged form often shows more or less of the 
greenish color, especially on the abdomen. 
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The species within our district are not very namerons, and 
may be separated as follows: 

Joint III as long as IV+V. - - - - S. XANTHH. 
Joint III as long as IV -(-V+VI. 2. 

Abdomen with a large dorsal patch of black. - S. abghanoelic^. 

Abdomen only with irregular markings of darker green. S. salicis. 

1. Siphocoryne archangrelicaB OestL 



s 



{ 



Svphocoryne archangelicce Oestl. Geol. Surv. Minn., 14th Bept., 
p. 36, 1886. 

Antennae not more than one-half the length of the body, black; 
third and fourth joint^very much tuberculate and serrate, and 
almost connate; III 0.40"", IV 0.15"", V 0.10"", VI 0.10"", VU 
0.15"". Beak short, not more than reaching second coxae. 
Head and thorax shining black; prothorax with no lateral 
tubercle, membrane green. Stigma long and narrow; stigmal 
vein curved its whole length and terminating midway between 
the stigma and second branch of the cubital. Abdomen green- 
ish, with a patch of black above. Honey-tubes concolorous with 
abdomen or slightly dusky, reaching to the tip of the style, 
widening to twice the diameter in the middle. Style short, 
conical. Length of body 2-2.50""; to tip of wings 3.50"". 

Found on the umbels of Archangelica atrapurpurea Hoffm. 

2. Siphocoryne salicis (MoneU). 

Bhopalosiphum salicis MoneU. Bull. U. S. Geol. Surv. Terr., 
Vol. V, No. I, p. 26, 1879. 

Antennae about half as long as the body; third and fourth 
joints subconnate, very rough and serrate; III 0.46"", IV 0.15"", 
V 0.15"", VI 0.10"", VII 0.30"". Beak reaching beyond second 
coxse and much longer than in preceding species. Origin of the 
second branch of cubital nearer to the margin of the wing than 
to the first branch. Stigmal vein running straight to the margin 
for half its length, and terminating nearer to the second branch 
than to the stigma. Abdomen green, with some transverse 
markings of deeper color above. Honey-tubes reaching tip of 
abdomen (0.35""), enlarged to twice their diameter in the mid- 
dle. Style about one-third as long as the honey -tubes, robust. 
Length of body 2""; to tip of wings 3.50"". 
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Found on the leaves of Salix lucida. Specimens here are some- 
what larger than that given by Mr. Monell. 

3. Siphocoryne xanthii Oestl. 

Siphocoryne xanthii Oestl. Greol. Surv. Minn., 14th Eept., p. 36, 
1886. 

AntennsB about one-half the length of the body; third and 
fourth strongly tuberculate; III 0.35"", IV 0.20™», V 0.15"", VI 
0.08"", VII 0.30"". Beak not reaching second coxsb. Thorax 
black. Second branch about midway between the margin of the 
wing and origin of first branch. Abdomen yellowish-green, with 
transverse markings of deeper green. Honey-tubes pale, reach- 
ing to or beyond tip of abdomen, enlarging in the middle or 
slightly above to twice the diameter at base. Style as long as 
the tarsi, curved. Length of body 2"". 

Found on the under side of the leaves of Xanthium canadense 
Mill. 

In my preliminary list of the Aphididae of Minnesota I give 
8. xanthii as a typical American species of the genus in question, 
which should have been S. archangeliccB, as xanthii is not typical 
but partakes somewhat of the next tribe, coming near to Myzus. 

TRIBE NECTAROPHORINI. 

Antennae generally longer than the body, on distinct frontal 
tubercles; the setaceous seventh joint often longer than the 
third. Beak long. Legs long and slender. Abdomen nearly 
always longer than broad, cylindrical, widest in middle and 
pointed behind. Honey-tubes long, cylindrical, or enlarged in 
the middle and clavate. Style long, nearly always acute and 
somewhat curved upward. 

As before stated, the tribes of this sub-family are difficult to 
define, as there are exceptions to every chai*acter with which we 
are acquainted, yet the division appears to be natural. The 
present tribe, as a rule, is known by a larger size, abdomen long 
and more or less pointed behind. All the appendages are also 
longer in proportion to the body than in the two preceding 
tribes, showing a greater activity and varied mode of life. The 
great msgority are found on annual plants, and more rarely on 
the leaves of shrubs or trees. 
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The genera are not as well defined in tliis (ribe as what is gen- 
erally the case in the family, and authors, therefore, differ mach 
in regard to their number and extent. We would recognize the 
following genera as American: 
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Honey-tubes cylindrical. - - - - - - 2. 

Honey-tubes ihcrassate. ------ 3. 

Antennae on prominent and approximate frontal tubercles. 

Nectabophoba. 

Frontal tubercles not approximate; gibbous, as is also the first joint. 

Myzus. 

Prothorax with a lateral tubercle; wings clouded. Macbosiphum. 

Prothorax with no lateral tubercle. - - Rhopalosiphum. 

Genus MYZUS Passerini, 1860. 



AntennsB about as long as the body, situated on moderately 
distinct frontal tubercles, which are gibbous on the inner side. 
First joint of the antenna also gibbous. Legs moderately long. 
Honey-tubes rather long, cylindrical. Style moderately long. 
Body often with capitate hairs. 

It may still be considered as an open question if we are justi- 
fied or not in retaining the present genus. This, as well as the 
following genus, partakes more or less of the three tribes of the 
Aphidinte, and may be considered as intermediate forms, which 
it becomes convenient thus to put together in a separate genus. 

Some of the species partake strongly of the Callipterini in their 
pale colors and capitate hairs of the body; the length of the an- 
tenna is mostly that of the Aphidini, and also often in the shape 
and size of the body; but most of the characters ally them with 
the tribe under consideration. 

The following species have been found in Minnesota: 

Corrugating the leaves. ----- M. bibis. 

Not corrugating the leaves. - - - - - - 2. 

Wingless form with capitate hairs. - - - M. bosabum. 

With no capitate hairs. - - - - - - 3. 

f Color of body black. ----- M. cebasi. 

\ Color of body green. - - - %• - M. achybanti&s. 



{ 
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1. Myzus cerasi (Fab.). 

Aphis cerasi Fab. 
Myzus cerasi Pass. 

AntenDSB about three-foarths the length of the body, black; 
ni (».40'»», IV 0.25"^, V 0.20"^, VI 0.10""», VII 0.30»». Honey- 
tubes about 0.35"*" long, black; style about one-third as long. 
The winged form is shining black, but the wingless forms are 
usually of a dull black or brown. Abdomen short and very 
broad, giving an ovoid or globose outline to the body. The 
males have the antennsB much longer than the body, according 
to Buckton. 

This species is very common on the cultivated cherry, and at 
times appears in enormous numbers. They are mostly found on 
the leaves, but when very numerous will also attack other parts 
of the tree. This species comes nearest to Aphis in general 
appearance and habit, and departs more from the typical Myzus 
than any other species of the genus. 

2. Myzus rosarum (Walk). 

Aphis rosarum Walk. 

Siphonophora rosarum Koch. 

Myzus potentiUcB Oestl. Geol. Surv. Minn., 14th Eept., p. 30, 1886. 

Antennae as long or a little longer than the body, black; III 
0.55»", IV 0.30'»», V 0.30"", VI 0.12"", VIl0.45"». Beak reach- 
ing to or slightly beyond second coxse. Legs black, with base 
of the femoi*a and tibiae paler. Abdomen greenish, with more 
or less black above in the form of transverse bands. Honey- 
tabes pale, about three times the tarsi. Style short, acute, pale. 
Length of body 2"", 

The larvae of this species are provided with capitate hairs. 

Found on the wild rose and on PotentiUa anserina Linn. 

Last year I described this species as new from the PotentiUa, 
but I have since found the same on the rose, and this led me to 
compare it with Buckton' s Siphonophora rosarum^ with which it 
appears to be identical. 



3. Myzus ribis (Linn.;. 

Aphi^ ribis Linn. 
Myzus ribis Pass. 

AntennsB longer than the body, black; third and fourth joints 
strongly tuberculate, and with numerous sensoria; III 0.60°^, 
rV 0.40-^, V 0.40"^, VI 0.10°"-, VII 0.90-1.10™". Beak rather 
long, about 0.50°"°". Head and thorax shining black; abdomen 
pale green or yellowish-green, with a large quadrate patch of 
black above, the margin with a row of black dots. Honey-tubes 
pale or but slightly dusky, cylindrical, or sometimes widening 
in the middle, and thus approaching to the following genusf 
about 0.40"'" long. Style conical, concolorous with abdomen, 
about one-third as long as the honey-tubes. Length of body 
2"""; to tip of wings 3.75"^. Larvae very pale, and with capitate- 
hairs. 

Found on the cultivated currant, corrugating the leaves^ 
Bhqpdlosiphum ribis Koch, I think, is but a variety of the above* 

4. Myzus achyrantes (MoneU). 

Sijphonophora achyrantes Monell. Bull. XJ. S. Gteol. Surv. Terr., 

Vol. V, No. 1, p. 18, 1879. 
Myzus nudvce Oestl. Geol. Surv. Minn., 14th Eept., p. 31, 1886. 

AntennsB about as long as the body, black; in 0.55"", IV 
0.45'"" V 0.35'"», VI 0.15"", VII 0.50"^. Beak reaching second 
coxae. Abdomen pale green, with transverse markings above of 
black, often becoming confluent into a patch above the honey- 
tubes. Honey-tubes cylindrical or more rarely slightly enlarged 
in the middle as in preceding species, pale, becoming dusky at 
the apex. Style long, slender, slightly curved upward. Length 
of body 2.50"»; to tip of wings 4"^. 

This species shows much in common with Nectarophora, in 
which genus it was also placed by Mr. Monell, who first des- 
cribed the same. 
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Genus BHOPAIiOSIPHUM Koch, 1854. 

AntennaB on more or less distinct frontal tubercles, about as 
long as the body or sometimes much longer. Beak of variable 
length. Prothorax with no lateral tubercle. Honey-tubes 
enlarged in the middle or clavate, moderately long, or some- 
times very long. Style also varies from small and slender to the 
large curved one of the next genus. 

The characters of this genus vary to a great extent, and the 
only character that is anything like constant is the clavate honey- 
tubes. The smaller species, with antennsB about as long as the 
body, partake a good deal of the Aphidini; while the larger 
species with long antenna) and distinct frontal tubercles are more 
closely related to the following genera. The following species 
have been found within our district: 
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Style small and slender; of moderate size. - - - 2. 

Style long and more robnst; size larger. - - - - 3. 

AntennsB shorter than body; veins robust. - - R. serotina, 

Antennse a little longer than the body; veins normaL - R. bhois. 

Style conical. ------ R. solani. 

Style large and curved upward. - - - - - 4^ 

Antennse excessively long; size large. - - - R. oxocle^. 

Antenna) a little longer than body; size not so large. - - 5. 

Abdomen with a dorsal patch of black. - - R. dianthi. 

Abdomen with no dorsal patch. - - - - R. kabali. 

1. Rhopalosiphum rhois Monell. 



Ehqpalosiphum rJiois Monell. Bull. XJ. S. Geol. Survey Terr., Vol. 
V, No. 1, p. 27, 1879. 

Antennse a little longer than the body, black, on rather incon- 
spicuous frontal tubercles; III 0.50"", IV 0.40»", V 0.30"", VI 
0.15"", Vn 0.50"". Beak reaching second coxae. Head and lobes 
of thorax all black, membrane somewhat paler. Wings with slen- 
der, black veins. Abdomen brownish-yellow, but often greenish.. 
Honey-tubes about 0.40"" long, clavate. Style small and slen- 
der, about one-third the honey-tubes in length. Length of body 
1.60-2"". 

This species is found on the under side of the leaves of Bhiis 
glabra^ mostly along the midvein. The apterous forms are red- 
dish-brown, but the winged form often shows more or less of the 
greenish color, especially on the abdomen. 
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2. Bhopalosiphum serotinae n. sp. 

AntennaB shorter than the body; the sensoria not very numer- 
ous, but large and distinct,- III 0.35"", IV 0.30"-, V 0.22"", VI 
0.12"", VII 0.35"". Beak reaching second cox». Head and 
thorax brownish, abdomen green. Wings with very prominent 
and robust veins, especially the first and second discoidal; stigma 
very narrow, long. Honey-tubes mostly concolorous with abdo- 
men, becoming somewhat dusky, widest in the middle, contract- 
ing near the apex which is rounded or knob-like. Style short, 
concolorous with abdomen. Length of body about 1.80"". 

A strongly characterized species found on Solidago serotina. 
It is intermediate between Siphocoryne and the present genus. 

3. Bhopalosipbiun solani (Thos.). 

Megoura solani Thomas. Ins. 111., 8th Eept., p. 73, 1879. 

Antennae a little longer than the body, on rather prominent 
frontal tubercles. Honey-tubes long, extending beyond the tip 
of the abdomen, much dilated in the middle. Style about one- 
third as long as the honey-tubes, rather thick, conical. Head 
and thorax black; abdomen greenish. 

Pound mostly solitary on cultivated tomato. 

4. Bhopalosiphum dianthi (Schrank). 

Bhopalosiphum sonchi Oesthind. Geol. Surv. Minn., 14th Rept.*, 
p. 34, 1886. 

AntennsB about as long as the body, black; joints 3-5 with 
numerous rather small, round sensoria; HI 0.70°^, IV 0.45"", 
V 0.35"™, VI 0.1 2"» vn 0.75»». Beak reaching second coxae. 
Thorax black, with membrane greenish. Abdomen green, with 
a marginal row of black spots, and a large dorsal patch of the 
same color. Honey-tubes about 0.50"" long, pale brown. Style 
about half as long as the honey-tubes, curved upward. Length 
of body about 2"". 

In my last report I described this species as found on Sonchus 
a^sper, but which on further study appears to be the same as the 
dianthi of Europe. 
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5. Bhoi>alo8iphuin nabalt Oestl. 

Bhopalofdphum naJbali Oestlund, Gteol. Surv. Minn., 14th Eept., 
p. 34, 1886. 

AntennsB longer than the body; joints 3-5 with numerous 
small sensoria that give a tubercular or rough surface to these 
joints; III 1.1 0»", IV 0.65""", V O.SS"*", VI O.IO"- VII L20-". 
Beak reaching slightly beyond second cox8B. Thorax dusky 
brown, shining. Abdomen greenish, with some dorsal bands of 
dusky markings. Honey- tubes long (about 0.75""), and much 
dilated in the middle. Style large and very conspicuous, about 
half as long as the honey-tubes, widest in the middle and 
curved upward. Length of body 2.50-3"'*. 

Found very numerous on the upper stalk and flower heads of 
Nabalm albus. 

6. Khopaloslphum ampullata (Bnckt). 

Amphorophora ampuUata Buckton. Monograph of British Aph.^ 
Vol. I, p. 187, 1876. 

Apterous form: AntennsB about twice as long as the body, on 
very conspicuous frontal tubercles; III 1.30"^, IV 1.20'"", V 1"", 
VI 0.30"™, VII 1.65"-. Eyes bright red. Honey -tubes long, 
(about 0.80"") and much dilated in the middle, concolorous with 
the body, becoming dusky at tip; transparent, the liquid glob- 
ules being seen. Style about one-third as long as the honey- 
tubes, yellowish. Body all green, with some mottlings of deeper 
color above. Legs very long and slender, all green except tips 
of tibi«B and the tarsi, black. Length of body about 3"", or 
slightly more. 

This large and interesting species was found feeding on the 
ft*onds of Onoclea struthiopteria or ostrich-fern. It agrees in all 
respects with Buckton's description and figure of Amphorophora 
ampullata, and I doubt not that they are identical. The length 
of the antennse, together with the distinct frontal tubercles, may 
justify our exception of Amphorophora as a good genus, but at 
present I am unable to break up the genus Bhopalosiphum as 
given by Koch, so as to get anything like satisfaction out of it. 
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Genus MACBOSIPHUM Oestlimd, 1886. 

Antenn^B as long or longer than the body, on moderately 
large frontal tubercles, but these not as approximate as in the 
next genus. Prothorax well developed, and with a distinct 
lateral tubercle. Wings rather long, clouded near the apex. 
Legs long and slender. Honey-tubes very long, much dilated 
in the middle, curved. Style long and conspicuous. 

In my last report I proposed this genus for the elegant species 
found on the wild raspberry. It may be too close to Ehopalos- 
iphum, when this genus is taken in its widest sense, but still it 
is as distinct from the more typical species of Bhopalosiphum, 
as nympcBce or rhois, as any of the species of Nectarophora. The 
species BhopcUosiphum dianthi and nabali are intermediate forms 
between that genus and the present one. 

1. Macrosipbum rubicola OeetL 

Macrosiphum rubicola Oestlund. G^eol. and Nat. Hist. Surv. of 
Minn., 14th Eept., p. 27, 1886. 

Antennse as long or longer than the body, black, with the 
base of the third joint pale, this joint also more or less tuber- 
culate; III 0.90™" IV 0.70™", V 0.55"", VI 0.15"», VII 0.90-1. 10»". 
Thorax with the lobes shining black; prothorax with a distinct 
lateral tubercle. Wings large; stigma long, broadest at the 
origin of the stigmal vein, dusky; at the apex of the fore wing 
there is a clouded patch between the stigmal and the cubital 
veins, extending slightly into the stigmal cell. Abdomen of a 
very pale color, whitish or greenish- white. Honey -tubes very 
long, about 1°°, much dilated in the middle, slightly curved, 
transparent, slightly dusky. Style long, bent upward, of the 
same color as the abdomen. Length of body about 3°"°". Found 
on twigs and leaves of Eulms strigosua. 

Genus NECTAROPHORA (Koch).* 

AntennsB nearly always longer than the body, on distinct and 
approximate frontal tubercles; seventh joint mostly longer than 
the third. Prothorax with no lateral tubercle. Wings large. 



*It is with some reluctance that I propose to replace a name that has already become so 
familiar and extensivelj used as that of Siphonophora. But Siphonophora as a generic term 
was already appropriated for the Myriapoda before Koch made use of it in the Aphldidee ; and 
it is also used to denote an order of the oceanic Uydrozoa, and should, therefore, according to 
practice, be replaced by one not already occupied. 
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legs long and slender. Honey-tubes long and cylindrical. Style 
long, falchion-shaped. 

Next to Aphis, one of the largest genns of the family, with 
the species all very much alike and difficult to separate. In 
habit they are also much like Aphis, found mostly in large col- 
onies on herbaceous plants. 

The species found in Minnesota may be separated in the following manner: 

Ck)lor of body green, at least the abdomen. - - - 2. 

Color some other than green. - - - - - -10. 

Apterons form pulverulent. ----- 3, 

Apterous form not pulverulent. - - - - - 5. 

Style long, equal to the honey-tubes. - - N. ludoviciax^. 

Style shorter than the honey-tubes. - - - - - 4. 

Honey- tubes not much longer than style; sensoria only on third joint. 

N. FULVJE. 

Honey-tubes more than twice the style in length; sensoria on joints 3-5. 

N. GEBANII. 

Fourth joint of antennie about one-half of the seventh in length. - • 

- N. CYNOSBATI. 

Fourth joint more than one-half of the seventh. - - - 6. 

Seventh joint of antennas shorter or not longer than the third. - 7. 

Seventh much longer than the third. - - - - 9. 

Honey-tubes very long, black; sensoria on third joint alone. 

- - - N. EBIOSBONEXSIS. 

Honey-tubes not as long; sensoria on joints 3-4. - - - 8. 

Antennffi about as long as the body. - - - N. pi^epueascens 

Antennee much longer than body. - - . . K. BOSA. 

Beak moderately long; 0.40*^. - - - N. corydali. 

Beak long; CSS""™. - - - - - - N. Pisi. 

Style more than one-half the honey-tubes in length. - - - 11. 

Style one-half the honey-tubes or less. - - - - 13. 

Eyes red; color of body pale brown. - - - N. pallida. 

Eyes dark brown, or black. ----- 12. 

Larvse smooth. - - - - - - N. BUDBBCKliB. 

Larvse with the dorsum tuberculate. - - N. ambbosls. 

Style black; honey-tubes imbricated. - - - N. fbigid^. 

Style pale; honey-tubes smooth. ----- 14. 

Honey-tubes veiy long, more than twice the style. - S. potentzlla. 
Honey-tubes moderately long, not more than twice the style. - 15. 

Abdomen with a maigihal row of impressed pits. S. chbysanthemi. 
Abdomen with only a row of black dots. - - 8. gbakabla. 
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1. Nectarophora fUlvse n. sp. 

AntennaB longer than body; more or less dosky; III 0.60""^ 
rV 0.50"^, V 0.45»", VI 0.15°«, VII 0.70°^. Beak reaching 
beyond second coxsb, 0.40""'. Head and thorax dark brown or 
black. Abdomen dark green. Honey-tubes short; not longer 
than style, 0.20""°*; dusky or black. Style stout, concolorous 
with abdomen, 0.20"" loug. 

This peculiar species is found on Impatiens ftUva. The larv» 
are very pulverulent, so as to appear white; and the castings of 
these are very conspicuous when found on the plant. 

Length of body 2""; to tip of wings 4.25" 
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2. Xectarophora ludovicianse (Oestl.). 

Siphonophara ludovicianw Oestl., Geol. Surv. Minn., 14th Rept., 
p. 23, 1886. 

Antenn® longer than body, black; III 1"", IV 0.80°"», V 
0.65"", VI 0.20"", VII 1"". Beak long, 0.45"". Eyes of a 
brighter red than usual. Head and thorax blackish. Abdomen 
green, more or less pulverulent, as in the apterous form, which 
are much covered with a yellowish white substance, giving to 
them the same color and tomentous appearance as the plant. 
Honey-tubes black; slightly thicker at base, 0.50°" long. Style 
very long, about as long as the honey-tubes, 0.50"°, yellowish^ 
Length of body 2.50»°; to tip of wings 4.50"". 

Found on Artemisia .ludovicianu] a large and very active spe- 
cies. I have never found it numerous or in large colonies, as is 
usual in this genus. 

3. Nectarophora geranii n. sp. 

AntennfiB much longer than body, slender; III 0.80"", IV 
0.70"", V 0.70"", VI 0.20"", VII 1"". Head and thorax brown- 
ish, rest of body pale green. Wings yellow at base: veins 
rather prominent, brownish. Legs pale except the joints, and 
the tarsi black. Honey-tubes very long and slender, 0.90"", 
dusky, or becoming black. Style concolorous with abdomen, 
0.25°". Length of body 2.25""; to tip of wings 4.50"". 

Found on Geranium maxmlatum Linn., mostly on the stem and 
petioles of the upper leaves. The apterous form is covered with 
a fine white pulverulent substance, which gives them a glaucous 
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appearance. Joints four and five of the antennae are mostly 
equal, or nearly so. Some winged males had joints III, lY and 

V equal (0.70"^" >, and the last joint very long (1.25"»»). 

4. Nectarophora cynosbati n. sp. 

AntennsB longer than the body, dusky or black; III 0.75"", 
IV 0.45-^, V 0.40-", YI 0.10»", VII 1"^. Beak long, 0.60^. 
Head and thorax pale brown, or dusky, shining. Wings hya- 
line, second branch of the cubital nearer the apex than to the 
first branch. Legs pale except at joints. Abdomen uniformly 
green. Honey-tubes greenish, or becoming dusky towards the 
apex; 0.40°° long. Style half as long as the honey-tubes, con- 
colorous with the abdomen. Length of body 2°°, or slightly 
over; to tip of wings 4.80°°. 

Found on the under side of the leaves and twigs of Bibis 
cynosbati Linn. 

5. Nectarophora purpurascens n. sp. 

AntennsB about as long as the body, or but slightly longer; 
m 0.70°°, IV 0.50°°, V 0.40°°, VI 0.15°", VII 0.55°°. Beak 
reaching second coxsb. Head and thorax shining black. Abdo- 
men green. Honey-tubes pale at base, dusky above, 0.50°° long. 
Style half as long as the honey-tubes, pale. Length of body 
2.30°°; to tip of wings 4.30°°. 

Found on Thalictrum purpurascens Linn. The larvae change 
to the same purple color as the plant soon after they have been 
killed, 

6. Xectarophora rosse (Linn.). 

Aphis rosce Linn. 
Siphonophora rosce Koch. 

Antennae longer than body, black; III 1"^, IV 0.90"", V 0.75"", 

VI 0.20°"", VII I.IO'"". Head and thorax shining black; abdo- 
men green, with a marginal row of black dots and some trans- 
verse black bands above. Honey-tubes black, 0.60™". Style 
about half as long the honey-tubes. There is also a pale red op 
pinkish variety found on some of our wild roses. Length of 
body nearly 3°"; to tip of wings 4.50*°. 

Found plentiful both on the cultivated and wild rose. 
12 
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7. Nectarophora erigeronensis (Thos.). 

SipJumaphora erigeranensis Thos. Ball. 111. St. Lab. Nat. Hist., 
No. 2, p. 7, 1878. 

AntennsB a little longer than the body, dusky except at base; 
m 0.70"", IV 0.60-", V 0.50"", VI 0.15"", VII 0.70"". Beak 
long. Head and thorax of a deeper and somewhat more shining 
green than the abdomen. Legs long and slender, blaok 
except basal half of the femora. Abdomen of uniform green. 
Honey-tubes very long, 0.80"", black. Style nearly half the 
honey tubes in length, concolorous with abdomen. 

This very common and plentiful species is found on Erigenm 
oanadense Linn. 

8. Nectarophora corydalis (OestL). 

Siphonaphara caryddlia Oestl. Oeol. Surv. Minn., 14th Bept., p. 
25, 1886. 

Antennae longer than the body, black j III 0.90"", IV 0.75"", 
V 0.70"", VI 0.20"", VII 1.20"", Beak 0.40"". Head and thorax 
very smooth and shining, yellowish. Abdomen green. Honey- 
tubes long, 0.60""; more or less dusky, green at base. Style at 
least half as long as the honey-tubea, concolorous with abdo- 
men. 

Found on Oarydalis aurea Willd. 

9. Nectarophora pisi (Kalt.). 

AntennsB much longer than the body, pale or only tips slightly 
dusky; HI 0.90"", IV 0.75"", V 0.70"", VI 0.20"", VH 1.10~". 
Beak long, 0.65"". Head and thorax olive brown; abdomen pale 
green. Honey-tubes green, 0.90™" long. Style long, 0.45"", 
concolorous with abdomen. 

A very common species found on OapseUa bursa-pastariSy Uriiea 
gracUia Ait., and other garden plants and weeds. 

10. Nectarophora granaria (Eirby). 

Aphis granaria Kirby. 

Aphis hordei Kyber. 

Aphis cerealis Kalt. 

Aphis avetuB Fitch. 

Siphmpohora cerealis Koch, Salt., Pass. 

Biphonophora avenas Thomas. 

Siphonophora granaria Walk., Buckt., Monell. 
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Antenn^B abont as long as the body or a little longer, black; 
m 0.60"", IV 0.50"^, V 0.40"", VI 0.16"", Vn 0.66"". Head 
and thorax of a dark brown; abdomen of a paler reddish-brown, 
or green in the early brood found on the leaves. Honey-tubes 
black, about 050"". long. Style about one-half as long. This 
8i>ecie6 is found on cultivated wheat and oats, as well as on 
several species of grasses. 

11. Nectarophora potentillae n. sp. 

Antennae longer than body, black; III 0.80"", IV 0.65"", V 
0.50»", VI 0.15"", VII 0.85"»t. Beak long and stout, 0.60"". 
Head and thorax shining pale brown. Wings with narrow 
veins; second branch midway. Abdomen of a very pale brown 
color, somewhat darker in the middle and along the margins. 
Honey- tubes concolorous with the abdomen, about 0.60"" long. 
Style rather short, not more than 0.20"" long, pale. Length of 
body 2.60""; to tip of wings 6"". 

Found on the under side of the leaves of PotentUla anserina. 
Comes nearest to the brownish variety of N. rosae, but is much 
paler, and the style shorter. 

12. Nectarophora firigidse (OestL). 

Biphonophora frigidas Oestl. Geol. Surv. Minn., 14th Sept., p. 20, 

1886. 

Antennae about as long as the body, black; EH 0.60"", IV 
0.45"", V 0.40"", VI 0.15"", VII 0.60"". Beak long, 0.60"". 
Head and thora;x of a deep black; abdomen of a shining dark 
green, with a metallic lustre. Honey-tubes black, 0.40"" long. 
Style about half as long, black. Length of body 2.30""; to tip 
of wings 4"". 

This peculiar species is found on Artemisia frigidaj as growing 
on the blufEs of the Mississippi river near the falls of St. 
Anthony. In the preceding report I described the apterous 
male of this species, which has again repeatedly been observed 
in addition to the winged male. What the economy of the 
wingless male is we do not know, nor why the two forms should 
be found in tl^e same species; but which is a feict observed not 
only in this, but also in several other cases.. 
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13, Kectarophora chrysantliemi (Oestl.). 

Biphonophora chrymnthemi Oestl. Geol. Surv. Minn., 14th Sept., 
p. 22, 1886.. 

AntennsB abont as long as the body, all black; EH 0.70"*", IV 
0.55°^, V 0.45"^, VI O-IO"*" VII 0.80"^. Beak at least 0.6(jr» 
loDg. Head and thorax of a deep shining black; abdomen of a 
somewhat duller dark brown, with a row of impressed pits on 
each side. Honey-tnbes shining black, about 0.50"" long; style 
half as long, pale. Length of body about 2.25"". 

Found on the upper stalks and flower heads of Bidens chrysan- 
ihimoides Mx. 

14. Nectarophora pallida n. sp. 

Antennae much longer than the body, black; only third joint 
with sensoria; III 1.10"", IV 0.90"", V 0.75"", VI 0.20"", VU 
1.10"". Beak long, 0.70"". Head and thorax of a pale olive 
brown, shining; abdomen of a very pale reddish or pinkish 
color, with the young embryos visible. Byes reddish brown, 
much paler than usual in this genua. Honey-tubes large, thick- 
est at base; black, or usually somewhat paler at base; about 
0.90"" long. Style very large and stout, at least half as long ea 
the honey-tubes, yellowish. Length of body 2.50-3""; to tip of 
wings 5"". 

This large species, as found on the wild rose, appears to be 
distinct from the green species found on the same plant. The 
apterous viviparous female is usually 3"" long, or sometimes 
even longer. AntennaB somewhat longer than above; honey- 
tubes 1"", black; style half as long. 

15. Nectarophora ambrosiae (Tbos.). 

Siphanophora ambroHcB Thomas. Bull. lU. St. Lab. Nat. Hist., 2, 
p. 4, 187S. 

Antennae somewhat longer than the abdomen; III 0.90"", IV 
0.75"", V 0.65"", VI 0.15"", VII 1"". Beak about 0.75"" long. 
Whole insect of a rather dark brown; in winged form smooth 
and shining, but in apterous with the dorsuyi tuberculate. 
Honey-tubes about 0.75"" long, black; style stout, at least half 
as long as the honey-tubes, or longer; paler in color than abdo- 
men. Length of body 2.75""; to tip of wings 4.75' 
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Found in great nnmbers on Ambrosia triftda Linn., and psUoa- 
iachya. Similar to N. rudbecJdcB in size and habit, and with it 
sabject to a great amount of variations. The only well-marked 
difference, beside color, seems to be in the tuberculate dorsum 
of the larvBB. 

10* Nectarophora rudbeckiae (Fitch). 

Aphis rudbeckicB Fitch. Cat Hom. N. Y. St. Cab., p. 66, 1851. 
Siphonophora rudbeckicB Thomas. Bull. HI. St. Lab. Nat. Hist., 2j 

p. 4, 1878. 

Antennsd much longer than the body, black, with the base 
paler; III COS"*-, IV 0.80"'", V 0.70"^, VI 0.18°^, VII 1.°^, 
Beak long, about 0.90"^. Body bright red; head and thorax of 
nearly the same shade, or but slightly darker. Honey-tubes 
long, about 0.85"", shining black. Style at least half the honey- 
tubes in length or longer (0.50""), paler than abdomen. Wings 
with yellow insertions. 

This bright red variety, as found on SUphium perfoliaium and 
other composite plants, I consider as the typical rudbeckice. 

The following Nectaropborini have been recorded as American, but not yet 
fonnd in Minnesota: 

BhopdUmphum berberidis (Ealt.), found on tbe under side of the leaves of bar- 
berry. 

BhopaJoHphum iuHpsB Thomas, fonnd on Tulipa gemeriana, 

Myzu9 persica (Sulz.), the peach tree aphis. 

Fhorodon humUi (Schrank), on the hop. 

Phorodan mahaleb (Fonsc.), has been fonnd, according to Monell, at St. Lonis. 

Fhorodon scraphularim Thomas, on what was supposed to be Scrophularia nodoaa 
(Thomas). 

Nectarcphora eaphorbim (Thomas), fonnd on Euphorbia; N, eupihorbicola of th« 
same writer is probably but a variety. 

Nectarophora laducm (Ealt.), occasionally fonnd on garden lettace. 

Nectarophora polygoni (Walk.) fonnd on Polygonum persicaria, 

Nectarophora verbena (Thomas), on the leaves of Verbena, 

Nectarophora rubi (Kalt.), fonnd on blackberry. What Thomas ha9 identified 
as this species is probably bnt an immature form of Maeroeiphum rubieola, 

Nectarophora lUii (Monell), found on LUiwn. 

Nectarophora ealenduteUa (Monell), on the under side of leavap of Calendula 
nUcrantha, 

Nectarophora tulipm (Monell), on the petals and stigma of tulips. 

Nectarophora tUim (Monell), on the under side of the leaves of linden, causing 
them to curL 

Nectarophora Uriodendri (Monell), on Liriodendron tul^[f(fera. 
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Nedarophora eraiagi (Monell), on the under side of the leaves of OraUsffUB 

eoccinea. 
Neetarophora 9onchi (Linn.), on Stmchus oleraeea, 
Neetaraphora caJendulsB (Monell), on Oalendtda mierantha, 
Ntdarophora fragarix immaculata (Riley), on the strawbeny. 
NectarapJtora gerardim (Thomas), on Gerardia ienuifolia, 
Neetarophora heuchera (Thomas), on HeueJiera hUrpida. 
Neetarophora cueurbitm (Thomas), on the leaves of sqnash vines. 
Neetarophora eUrifoUi (Ashmead), on oifingfi, 
Neetarophora prunieola (Ashmead). 

Neetarophora solanifolii (Ashmead), on Solanum jawiinoides, 
Neetarophora minor (Forbes). 



LIST ,0F NORTH AMERICAN PLANTS WITH 
THE SPECIES OF APHIDES KNOWN TO 

ATTACK THEM. 

Alder (Alnns rubra). 

Pemphigus tesselata (Fitch). 

Lachnus alnifolis Fitch. 
Alum root (Heuchera hispida). 

Neetarophora heuchera (Thomas). 
AmarantacesB (Achyrantes). 

Myzus achyrantes (MoneU). 
American larch. See larch. 
Apple. Cultivated. 

Schizoneura lanigera (Hausm.). 

Callipterus mucidus Fitch. 

Aphis mali Fab. 
Ash (Frazinus americana, sambudfolia and quadrangulata). 

Pemphigus fraxinifolii Riley. 
Aspen (Populus tremuloides). See poplar. 
Aster. 

Aphis middletonii Thomas (roots). 

Balsam poplar (Populus balsamifera). See poplar. 
Barberry (Berberis vulgaris). 

Rhopalosiphum berberidis (KaltO< 
Barley. Cultivated. 

Neetarophora granaria (Elirby), 
Basswood (Tilia americana). 

Lachnus longistigma MonelK 

Neetarophora tiliae (Monell)^ 
Bean. Cultivated. 

Aphis rumicis Uxuu 
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Bedstraw (Galinm aparine). 

Aphis aparines Koch. 
(Galinm dicsezans.) 

Aphis drcsezandis Fitch. 
Beech (Fagns). 

Phyllaphis flAgi (Linn.). 

Schizonenra imhricator (Fitdi). 
Bidens. See hnr-marigold. 
Birch (Betnla papyiacea). 

Hormaphis papyracesd OesU. 

Calliptems betnlsQColens (Fitch). 
Bitternnt hickoiy (Carya amara). Seehickoiy. 
Blackberry. 

Sipha mbifolii Thos. 

Nectarophora mbi (Halt.). 
Black Cheny (PmnnsBerotina). See Cheny. 
Box elder (Negnndo aceroides). 

Chaltophoma negnndinis Thos. 
Bnr-marigold (Bidens chiysanthimoides). 

Nectarophora chrysanthemi (OestL). 

Nectaiophora rndbecki^ (Fitch). 
(Bidens frondosa). 

Aphis frondosss OestL 
Bnr oak (Qnercns macrocarpa). See oak. 
Batton-bnsh (Cephalanthns ocddentalis). 

Aphis cephalanthi Thos. 

Cabbage (Brassica oleracea). 

Aphis brassicsB Linn. 
CSeJendnla micrantha. 

Aphis calendnlicola MonelL 

Nectarophora calendulas (Monell). 

Nectarophora calendulella (Monell). 
Caragana arborescens. 

Aphis medicaginis Koch. 
Oamation pink. 

Rhopalosiphnm dianthi (Schr.). 
ChenapodiacesB. 

Aphis atriplicis Linn. 

Aphis mmicis Linn. 
Cherry. Cultiyated. 

Myasns cerasi (Fab.). 
(Pronns serotina). 

Aphis cerasicolens Fitch. 
(Pmnns virginiana). 

Aphis crasifolise Fitch. 
Choke cherry (Pmnns virginiana). See cherry. 
Chestnut (Castanea vesca). 
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Chestnut Phylloxera castaneas (Hald.). 

Cfdlipterns castanece Fitch. 
CJlover (Trifolium). 

CaUiptems trifolii Monell. 
(Trifolimn lepens). 

Aphis trifolii Oestl. (rootts). 
Ck)cle-bur (Xanthium canadense). 

Siphoooiyne xanthii OestL 
Common brake (Pteris aqnilina). 

Mastopoda pteridis OestL 
Cone-flower (Radbeckia laciniata). 

Nectarophora mdbeckisd (Fitch). 
Com. Ctdtiyated. 

Aphis maidis Fitch. 
Cornel. See dogwood. 
Coiydalis anrea. 

Nectarophora oorydalis (OestL). 
Cotton. Cnltivated. 

Aphis gossypii Glover. 
Cottonwood (Popnlos monilifera). See poplar. 
Cranberry-tree (Viburnum opulus). 

Aphis yibumi Scop. 
Crab-apple. 

Aphis mali Fab. 
Cranebill (Greranium maculata). 

Nectarophora geranii OestL 
Cucumber. * Cultivated. 

Aphis cucumens Forbes. 
CuxHplant (Silphium perfoliatum and intigrifolia). 

Nectarophora rudbeckise (Fitch). 
Currant. Cultivated. 

Myzus ribis (Linn.). 

Dock (Rumex). 

Aphis rumicis Linn. 
Dogbane (Apocynum cinnabinum). 

Aphis asclepiadis Fitch. 

Aphis apocyni Koch. 
Dogwood (Comus florida). 

Aphis coniifoliffi Walsh. 
(Comus paniculata). 

Aphis oomifoliffi Walsh. 

Aphis maculata Oestl. 

Schizoneura oomi Fab. 
(Comus stolanifera). 

Schizoneura oomicola Walsh. 

Elder (Sambucus). 
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Elder Aphis sambadfolias Fitch. 

(Aphis sambnci Linn.?) 
Eleusine indica. 

Khizobins elensinis Thos. (roots). 
Elm (Ulmns americana). 

Tetranenra nlmi (Linn.). 

Colopha nlmicola (Fitch). 

Schizonenra americana Riley. 
. Schizonenra rileyi Thomas. 

Calliptenis nlmifolii MonelL 
(Ulmns fnlva). 

Pemphigus nlmifbsns (Walsh). 
Evening primrose (CEnothera biennis). 

Aphis Oenothera Oestl. 
Enpatorinm (Enpatorinm perfoliatmn). 

Aphis enpatorii OestL 

(Enpatorinm agerotoides). 

Aphis agerotoidis OestL 

Fern (Adiatnm pedatnm). 

Aphis adianti (OestL). 

(Onoclea stmthiopteris). 

Bhopalosiphnm ampnllata (Bnckt.). 
(Pteris aqnilina). 

Mastopoda pteridis Oestl. 
Figwort (Scrophnlaria nodosa). 

Phorodon scrophtilari» Thos. 
Fleabane (Erigeron canadense). 

Tychea erigeronensiB Thos. (roots). 

Aphis middletonii Thos. (roots). 

Nectarophora erigeronensis (Thos.). 
Fnngns. 

Schizonenra fhngioola (Walsh). 

Oalinm. See bedstraw. 
Oerardia tennifolia. 

Nectarophora gerardis (Thos.). 
German ivy. 

Bhopalosiphnm dianthi (Schr.). 
Oolden rod (Solidago serotina and rigida). 

Siphocoryne serotinus OestL 

Nectarophora mdbeckisD (Fitch). 
Gooseberry (Ribis cynosbati). 

Nectarophora cynosbati OestL 
Goosefoot (Chenopodiaceee). 

Aphis atriplicis Linn. 

Aphis mmids Linn. 
13 
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Giapeyine. Coltiyated. 

PhyUoxera vitifolise (Fitch). 
Nectorophoia viticola (Thos.). 

(VitiB riparia). 
Aphis riparis Oestl. 
Glasses (Agrostis plamosa). 

Tetraneura gramims MonelL 

(Aiia cssspitosa). 
Tetranetlia gramims MonelL 

(Eragrostis po»oides). 
Ck>lopha eragrostidis Middleton. 

(Panicam cmsgalli). 
Aphis setaiisd (Thos.). 

(Panicnm glahram). 
Tychea panid Tliomas (roots). 
Schizoneora panicola Thos. (roots). 

(Phalaris canariensis). 
Nectarophora granaria (Kirhy). 

(Poa amma). 
Rizobins poce Thos. (roots). 
Aphis aomuB Oestl. 
Nectarophora granaria (Eirby). 

(Setaria glanca). 
Aphis setarisd (Thos.). 
Great angelica (Archangelica atropnrporea). 

Siphocoiyne archangelicse OestL 
Great-toothed poplar (Popnlos grandidentati^). See poplar. 

Hawthorn (Crateegos coccinia). 

Nectarophora crateegi (Monell). 
(Crateegos punctata). 

Schiaoneora crateegi OestL 

Aphis cratsegifolia Fitch. 
Helianthns. See sunflower. 
Hickoiy (Gaiya). 

PhyUoxera caiysecaolis (Fitch). 

Phylloxera carys&globosa Shimer. 

Phylloxera cary8Bven8& (Fitch). 

Phylloxera conica (Shimer). 

Phylloxera forcata (Shimer.) 

Schizoneora caryae (Fitch). 

Lachnns caryee Harris. 

Calliptenis caryse MonelL 
(Carya alba). 

Phylloxera carysefolisB (Fitch). 

Phylloxera caryssfallax Riley. 

Phylloxera caryseglobuli Walsh. 

Phylloxera caiysegummosa Riley. 
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Hickoiy (Gaiya alba). 

Phylloxera carysBsepta (Shimer). 

Phylloxera depiessa (Shimer). 
(Garya amara). 

Phylloxera spinoea (Shimer). 

Monella caiyella (Fitch). 
(Carya glabra). 

Phylloxera caryasglobnli WaLsh. 

Phylloxera carynren Riley. 

Phylloxera carysaemen (Walsh). 
High cranbeny. See cranbeny tree. 
Honey-eackle (Lonioera glanca). 

Aphis lonicersB Monell. 
Hop (Hamalns lapnlns). 

Phorodon hnmuli (Schr.). 
Horse-mint (Monarda fistnlosa). 

Aphis monardsB OestL 

Indian plantain (Cacalia soaveolens). 

Nectarophora rudbeckias (Fitch). 
Ironweed (Vemonia fosicnlata). 

Aphis middletonii Thos. (roots). 

Aphis vemonisB Thos. 

Nectarophora nidbeckise (Fitch). 

Enotweed (Polygonns persicaria). 
Nectarophora polygoni (Walk.), 

Larch (Larix americana). 

Chermes laricifoliae Fitch. 

Lachnos laricifex Fitch. 
Legaminosse. 

Aphis medicaglnis Koch. 
Lettnce. Cnltivated. 

Rhizobins lactucss Fitch (roots), 

Nectarophora lactncse (Ealt.). 
Lily (Liliam). 

Nectarophora lilii (Monell), 
Linden. See basswood. 
Liriodendron. See tnlip-tree. 

Maidenhair (Adiantnm pedatom). 

Aphis adianti (Oestl.). 
Mallow (Malva rotnndifolia). 

Myzns achyrantes (Monell). 
Maple (Acer dasycarpum). 

Drepanosiphum acerifolii (Tho6.)« 

Pemphigus acerifolii Riley. 
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Maple (Acer pennsylTanicnm). 

Chidtopboras aceriB (Lidil). 
(Acer saccharinum). 

Pemphigus aceris MonelL 
May-weed (Mamta cotala). 

Aphis mamtee OestL 
Meadow-parsnip (Thaspinm anrenm). 

Aphis thaspii OestL 
Meadowrue (Thalictmm parpTuasoens). 

Nectarophora thalictri OestL 
Meadow-sweet (Spirsea salicifola). 

Aphis spirsBS Oestl. 
Melilotns italica. 

Aphis medicagims Koch. 
Melon. Cultivated. 

Aphis cncumeris Thos. 
Milk-weed (Asclepias comuti). 

Aphis asclepiadis Fitch. 

Calliptenis asdepiadis MonelL 
(Asclepias obtnsifolia). 

Callipteras aHclepiadis MonelL 
(Asclepias syriaca). 

Aphis Intescens Monell. 
Monkey-flower (Mimnlns jamesii). 

Aphis mimnli Oestl. 
Mountain ash (Pyms americana). 

Aphis mali Fab. 
Mustard (Senapis nigra). 

Aphis brassicsB Linn. 

Nabalus albus. Bee white lettuce. 
Nettle (Urtica gracilis). 

Nectarophora pisi (Ealt). 
Nine-bark (Neillia opulifolia). 

Aphis neillias OestL 

Oak (Quercus). 

Schizoneura querci (Fitch). 
Callipterus quercicola MonelL 
Aphis queicifolice Walsh. 

(Quercus alba). 
Phylloxera rileyi Licht. 
Lachnus quercifolise Fitch. 

(Quercus bicolor). 
Phylloxera rileyi Licht. 
Callipterus discolor MonelL 
Callipterus punctatus Monell. 
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lak (Qneicns imbricaria). 

Calliptenis byaliuos Monell. 

(Qnercns macrocarpa). 
Chaitophorns spinosa OestL 
Calliptenis discolor MonelL 

(Qaercas obtnsiloba). 
Phylloxera rileyi Licht. 

(Qneicns pbellos lanrifolia). 
Phyllapbis niger Ashmead. 

(Quercns prinns). 
Chaitophorns qneicicola Monell. 

(Qnercns mbra). 
Calliptems bellns (Walsh.). 

(Qnercns virens). 
Lachnns qnercicolens Ashmead. 
^ts. Cnltivated. 

Nectarophora granaria (Kirby). 
•leander (Nerinm oleander). 

Aphis nerii Kalt. 
Grange (Citms). 

Aphis citri Ashmead. 
istrich-fem (Onoclea stmttiiopteris). 

Rhopalosiphnm ampnllata (Bnckt.). 
bcybaphus angnstifolins. 
Aphis oxyl)aphi Oestl. 

•ea. Cnltivated. 

Nectarophora pisi Linn, 
'each. Cnltivated. 

Myzns persicse (Snlz.). 
ecan. 

Calliptems caryaj Monell. 
ersimmon (Diospyros virginiana). 

Aphis diospyri (Thos.). 
igweed (Chenopodinm). 

Aphis mmicis Linn, 
ine (Finns). 

Chermes pinicorticis (Fitch). 

I^Achnus au»trali Ashmead. 

Chaitophorns pinicolens (Fitch). 
(Finns strobus). 

Schizonenra pinieola Thos. 

Lachnns strobi Fitch. 
Inm. Cnltivated. 

Aphis pruni Koch. 

Myzns persioaj (Snlz.). 

Nectarophora pmnicola (Ashmead). 
'olanisia (Folanisia graveolens). 

Aphis polanisisc Oestl. 
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Poplar (PopnlTU InlMmifeia). 

Pemphigus popalariiifi Fitch. 

Pemphigus popnli^obuli Fitch. 

Bimphigns ix>piiliyeii» Fitch. 

Pemphigus populiramnlorom Riley. 

Pemphigus populitransveisos Bil^. 
(Popnlos balsamifbra angostifolia). 

Pemphigus popnlimonilis Riley. 
(Populos grandidentata). 

Aphis popnlifolise Fitdi. 

(Populos monilifera and angolata). 

Phylloxera prolifeia Oestl. 

Pemphigus populicaulis Fitch. 

Pemphigus populitransveisus Riley. 

Pemphigus peeudobyrsa (Walsh). 

Pemphigus yagabundus (Walsh). 

Chaitophorus ix>pulicola Thos. 
Pot marigold. See calendula. 

Ragweed (Ambrosia psilostaohya). 

Nectarophora ambrosias (Thos.). 
(Ambrosia trifida). 

Tychea radicola OestL (roots). 

Aphis middletonii Thos. (roots). 

Nectarophora rudbeckiBs (Fitch). 
Raspberry (Rubus occidentalis). 

Pemphigus rubi Thos. 
(Rubus strigosus.) 

Aphis rubicola Oestl. 

Hacrosiphum rubicola OestL 
Red elm (Ulmus fhlva). See elm. 
Red oak (Quercus rubra). See oak. 
Reed (Phragmites oommums). 

Hyalopterus arundinis (Koch) 
Robinia viscosa. 

Aphis medicagenis Koch. 
Rose. Cultivated. 

Nectarophora ros® (Linn.). 
(Wild). 

Myzus rosarum (Walck). 

Nectarophora pallida Oestl. 

Scrophularia nodosa. 

Phorodon scrophularise Thos. 
Shag-bark hickory (Carya alba). See hickory. 
Shepherd's purse (Capsella bursa-pastoris). 

Aphis rumids Linn. 

Nectarophora pisi (Kalt.). 
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Silver-weed (Potentilla anseriiiA). 

Myzns rosamm (Walck). 

Nectaropbora potentUls OestL 
Snowball (Yibamnin opnlns roaeain). 

Apbis yibaml Soop. 
Snowberry (SymphoricarpuB Tulgaris). 

Apbis albipes OestL 

Apbis symphoricarpi Thos. 
Solannm jaAininoides. 

Nectaropboia solanifolii (Asbmead). 
Soigbnm. Cnltiyated. 

Chaitopboms flayns Forbes. 
Sow-tbistle (Soncbos oleracens). 

Rbopaloeipbnm diantbi (Scbr.)- 

Nectaropbora radbecki» (Fitcb). 

Nectaropbora soncbi (Linn.). 

Nectaropbora soncbella (Monell). 
Spmce (Abies nigra and alba). 

Chermes abieticolens Thos. 

Cbermes abietis (Linn.). 

Lacbnns abietis Fitcb. 
Spnrge (Euphorbia marginata). 

Nectaropbora enpborbicola (Thos.). 
(Euphorbia maculata.) 

Nectaropbora eupborbisB (Thos.). 
Squash-vines. 

Aphis cucumeris (Forbes). 

Nectaropbora cucurbitee (Thos.). 
St. Johnswort (Hypericum kalmianum). 

Apbis byperici MonelL 

(Hypericum prolificum). 

Callipterus byperici (Thos.). 
Strawberry (Fragaria). 

Nectaropbora fragariie immaculata (Riley). 

Nectaropbora minor (Forbes). 
Sumach (Rhus glabra). 

Pemphigus rhois Fitch. 

Rhopalosiphum rhois MonelL 
Sun-flower (Heliantbus). 

Aphis helianthi MonelL 
Sycamore (Platanus). 

Lachnus platanicola Riley. 
Symphoricarpus. See snowbeny. 

Tamarack. See larch. 
Thistle (Circium). 

Aphis carduella (Walsh). 

Aphis cardui Fab. 

Nectaropbora rudbeckiss (Fitch). 
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Thorn. See hawthorn. 
Tlckseed (Coreopsis aristosa). 

Aphis coriopsidis (Thos.). 
Tomato. Onltivated. 

Bhopalosiphum solani (Thos.). 
Tonch-me-not (Impatiens fhlva). 

Aphis impatientis Thos. 

Nectarophora fulvse Oestl. 
Tulip (Tnlipa gesneriana). 

Rhopalosiphmn tnlipe Thos. 

Nectarophora tnlipro (Monell). 
Tulip-tree (Liriodendron tulipifera). 

Nectarophora liriodendri (Monell). 

Vervain (Verbena). 

Nectarophora verbensB (Thos.). 
Virginia creeper (Ampelopsis qninqaifolia). 

Aphis setariffi (Thomas). 

Walnnt (Jnglans). 

Schizoneara caryae (Fitch). 

Calliptenis carjse Monell. 
Wheat. Cultivated. 

Nectarophora granaria (Kifby). 
White elm. See elm. 
White lettuce (Nabalus albus). 

Bhopalosiphum nabali Oestl. 
White oak (Quercus alba). See oak. 
White pine (Pinus strobus). See pine. 

White snake-root (Eupatorium agerotoides). See eupatorium. 
Willow (Salix). 

Aphis salicicola (Thos.). 

Melanoxanthus salicis (Linn.). 

Melanozanthus salicti (Harris). 

Melanoxanthus bicolor Oestl. 

Lachnus salicellis Fitch. 

Lachnus viminalis Fonsc. 

Chaitophorus nigrse OestL 

Chaitophorus viminalis Monell. 

Siphocoryne salicis (Monell). 
Witch-hazel (Hamamelis virginiana). 

Hormaphis hamamelidis (Fitch). 

Hormaphis spinosus (Shimer). 
Worm- wood (Artemisia frigida). 

Aphis frigidae Oestl. 

Nectarophora frigidse Oestl. 
(Artemisia ludoviciana. ) 

Nectarophora ludovicianse Oestl. 



IN DEX. 



Synonyms are printed in italics. 



Page. 

Amphcrophora ampuUata 77 

Aphididsd 13 

AphidinflB 13, 33 

Aphidini 33, 47 

Aphis 47, 49 

adianti 66 

agerotoidis 68 

albipes 52 

anntise 66 

aparines 62 

amndinis 48 

asclepiadis 60 

atriplicis 69 

avense 82 

hdla 41, 43 

betulwcolens 43 

brassicsB' 57 

calendalicola 69 

carduella 59 

cardai 49, 65 

caryella 45, 46 

cephalanthi 69 

cerasi 73 

cerasicolens 68 

cerasifoliffi 51 

cerealia .* 82 

ciicsezandis 68 

citri 69 

coriopsidis 69 

comifoliffi 53 

cratsBgifolia) 51 

cncnmeriB 69 

dioepyri 69 

enpatorii 59 

MjddaB 65 

14 



Paob. 

Aphis frondoBffi 67 

fumipennella 45 

genuini 50, 53 

goasypiL 68 

granaria 82 

helianthi 52 

hordii 82 

hyperici ^ 69 

impatientis • 69 

lonicerte 55 

Intescens 69 

macnlatR) 61 

macuJl^lla 45 

maidis 56 

mali 64 

malifolisB 64 

margineUa 45 

mamtce 57 

medicaginis 69 

middletonii 15, 54 

mimali 57 

monard® 28 

nectarophorini 50, 64 

neilliee 59 

nerii; 60 

Oenotheras 62 

oxybaphi 62 

pemphigini 50 

prcigmitidicola, 48 

polanisise 67 

populifolisB 38, 39 

pnmi 65 

pnmifolieB 65 

punctaieUa 45 

qneicifoliffi 69 
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A'pYnsribis 

ripariffi 

raaw 

ro8arum 

mbioola 

rudbeckise 

mmicis 

salicicola 

salicia , 

sambacifolisB ... 

setariffi 

splisesB 

symphorricaipi 

thaspii 

trifolii 

vemonise 

vitis 



Byrwcrypta popiUicaulis 

rhois 

ulmicola 

vagabunda 



Page. 
74 
63 
81 
73 
60 
85 
61 
63 
35 
68 
67 
68 
50 
58 
55 
69 
69 

21 
23 
25 
22 
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CalUpterini 33, 34 

Cftllipterus 34, 40 

asclepiadis 42 

bellns 43 

betnlffioolens 43 

caryse 44, 46 

caryeUua 45 

castaneee-...,^ 44 

discolor 41, 44 

fumipennellus 45 

hyalinus 44 

maeulellua 45 

marffindlus 45 

macidns 44 

putf4iat^u8 45 

panctatns 44 

qaercicola 44 

trifolii 44 

ulmicola 42 

almifolii 42 

waUhii 43, 44 

Chaitopliorus 34, 37 

aceris 40 

flavus 40 

loniceras 55 



Chaitophoms negnndinis 

nigrte 

pinicolens 

popali 

popnlicola. 3 

populifolise 3 

qaercicola 44 

amithue 3; 

spinosos 36 

yiminalis. 40 

Chermes 17 

abietis 18 

abieticolens. 18 

laricifolisB 18 

pinicoTtids „ 18 

ChermesinsB 13, 1 -^5, 18 

Colopha 25 

compresm 26 

eragrostidis 29 

ulmicola 25 

Drepanosiphum i^-^» 46 

acerifolii 46 

Erioaoma querci 29 

Glyphina ulmicola 26 

Hormaphis 19 

hamamelidis 24 

jtapyracese 19 

spinofiiis 24 

Hyaloptems ^^> 48 

anmdinis 48 

Lachninffi « 1 -^i 30 

Lachnns ^^ 

alnifoliae 32 

abietis ^2 

australe ^2 

dentatus *. «. ^2 

-^» 3^ 

laricifex "^^ 

longistigma 

platanicola ^2 

qnercicolens "^ 

quercifoliae ^2 

salicicola ** 

salicilis ^2 

strobi -. ^ 
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Paob. 
achniiB viminalia 32 

[acrosipham 72, 78 

rabicola j^ 78 

[astopoda. 5, 47, 48 

pteridis 49 

Tegaura solani 76 

[elanoxanthos 34, 35 

bicolor 36 

salicis. ' 35 

salicti 36 

felaphis rkois 23 

lonellia 34, 44 

caryellik 46 

^yzocallis hella 41, 43, 44 

iyzus 72 

achyrantes 74 

cerasi 73 

peisicse 85 

poteniilUe 73 

ribis 74 

rosamm 73 

Sectarophora 72, 78 

ambroflise 84 

calendnlse 86 

calendulella 85 

chiysanthemi 84 

citrifolii 86 

coiydalis 82 

cratscgi 86 

cUCurbitas 86 

cynosbati 81 

erigeronensis 82 

eaphorbisB 85 

euphorbicola 85 

fragariffi immaculatji 86 

frigid8B 83 

ftilvflB 80 

geranii 80 

gerardise 86 

granaria 82 

heucherse 86 

lactacse 85 

lilil 85 

liriodendri 85 

Indovicianse 80 

minor 86, 95 



Paob. 

Nectarophoia i)allida 84 

polygoni „ 86 

potentillsc 83 

pmnicola 86 

pnrpnrascens 81 

ro88e 81 

mbi 85 

mdbeckiffi 85 

solanifolii 86 

sonchi 86 

tili» 86 

tnlipss 85 

yerbeDse 85 

Nectarophorini 33, 71 

Pemphiginffi 13, 18 

Pemphigus 19, 20 

aceris 24 

acerifolir 24 

formicarins 24 

formicetoram 24 

fraxinifolii 20, 23 

imbricator 24 

popnlaria 24 

popnlicanlis 17, 20, 21 

populiglobiili 24 

popnlimonilis 24, 30 

popnliramalomm 24 

popnlitrans versus 17, 20, 21 

populivena) 24 

psendobyrsa 24 

rhois 20, 23 

rubi 24 

tesselata. ' 24 

almifosns 24 

vagabnndns 20, 22 

Phorodon hnmuli 85 

mahaleb 85 

scrophnlaris 85 

Phyllaphis 30 

fagi 32 

niger 32 

Phylloxeridte 16 

Phylloxera 16, 16 

caiya^canlis 18 

carysefallax 18 

caryssfolisB 18 
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Paob. 

Aphis rihi8 * 74 

riparise 63 

ro8se 81 

rosarum 73 

mbioola. 60 

rudbeckise 85 

ramicis 61 

salicioola 63 

aalicis 35 

sambucifolisB 68 

setarisB 67 

splisesB 68 

symphorricarpi 50 

thaspii 58 

trifolii '. 55 

vemonise 69 

vitis 69 

Byrwcrypta popiUicatUU 21 

rhois 23 

ulmicola 25 

fxigabunda 22 

Callipterini 33, 34 

Cftllipterus 34, 40 

aficlepiadis 42 

bellus 43 

betalffioolens 43 

caryse 44, 46 

caryeUuB 45 

castanesB-...,, 44 

discolor 41, 44 

fumipennellua 45 

hyalinus 44 

maculellus 45 

marginellua 45 

mucidiis 44 

putfcMeUua 45 

ponctatiis 44 

qaercioola 44 

trifolii 44 

ulmicola 42 

nlmifolii 42 

wahhii 43, 44 

Chaitophoms 34, 37 

aceris 40 

flaviis 40 

loniceras 55 



Page. 

Chaitophoms negandinis 37 

nigrte 40 

pinicolens 40 

popali 39 

popnlicola. 39 

popnlifoliffi 38 

qnercicola 40 

smithim 35 

spinosos 38 

yiminalis. 40 

Chermes 17 

abietis 18 

abletioolens 18 

laricifolisB 18 

pinicorticis , 18 

Chermesinffi 13, 15, 18 

Colopha 25 

compressa 26 

eragrostidis 29 

ulmicola 25 

Drepanosiphnm 34, 46 

acerifolii 46 

Eriosoma querci 29 

Glyphina ulmicola 26 

Hormaphis 19 

hamamelidis 24 

papyracese 19 

spinosns. 24 

Hyaloptems 47, 48 

anmdinis 48 

Lachninffi 13, 30 

Lachnos 31 

alnifolisB 32 

abietis 32 

anstrale 32 

denUUus ! 32 

cary© 32 

laricifex 31 

longistigma 32 

platanicola 32 

qnercicolens 32 

qaerdfoliffi 32 

mlicicola 36 

salicilis 32 

strobi 32 
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Paor. 

Phylloxera caryaeglobuli 18 

carysegummosa 18 

caryaeren 18 

carysesemen 18 

caiysesepta 18 

caryievena; 18 

cafitaneae 18 

conica 18 

depressa 18 

tbrcata 18 

prolifera 16 

rileyi 18 

spinosa 18 

vitifoliae 18 

Rhizobiina; 13, 14 

Rhizobins 14 

elensinis 15 

lactacsB 15 

poae 15 

Rhopalosiphnm 72, 75 

ampallata 77 

berberidis 85 

dianthi 76 

nabali 77 

rhois 75 

ribis 74 

.aalieis 70 

serotinfc 76 

solani 76 

8<mchi 76 

talipsB 85 

Schizonenra 25, 26 

americana ^. 27, 28 

comi 27, 28 

comicola. 28, 30 

cratsegi 27 

fongicola 30 



Pagx. 

Schizonenra lanigem 28, 29 

panicola. 27, 29 

pinicola 30 

qnerci..^ 27, 29 

rileyi 30 

Schizonenrinse 13, 25, 29 

Sipha rubifolii 68 

Siphocoryne 47, 69 

archangelicffi 70 

salicis 70 

xanthii 71 

Siphonophora 78 

acerifolim 46 

aehyrantes 74 

adiatUi 66 

ambrosisd 84 

asclepiadis 60 

avensR 82 

cerealis 82 

chrysanthemi 84 

corycUUia 82 

erigeronensis 82 

frigidse 83 

granaria 82 

ludoviciansR 80 

rosse 81 

rosarum 73 

rudbeckiw 85 

salicicola 63 

8ctarix 67 

« 

Tetranenra « 19 

graminis. 24 

ulmi 24 

Thdaxes ulmiccla 25 

Tychea. 14 

eiigeronensis 15 

panici 15 
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NATDRAL GAS IN MINNESOTA. 



[ISTORY OF FACTS, AND A STATEMENT OF GEO- 
LOGICAL PRINCIPLES. 



le great discoveries of gas in Pennsylvania and more recently 
hio and Indiana, and in other places in the United States, 
) had their natural effect in Minnesota. They have caused a 
rifth and sometimes an expressed feeling of unrest, and of 
>sity to know what would be the result in case a careful 
>ing of the earth's crust were undertaken. They have caused 
examination of old records, and a restatement of all the 
ly forgotten incidents which occurred years ago which could 
iterpreted as indications of natural gas at numerous places 
le state. They have sharpened the observation of all well- 
ers and other's who in any way could be considered to be in 
itions such lus might reveal evidences of escaping gas. The 
an eye-sight, the sense of smell, the love of lucre, the knowl- 
of geology, the ignorance of all geologists, have received a 
en and very general popular increment. These have had 
• influence on our Legislature. This is all very natural and 
bt all blameworthy. The demand for public expenditure in 
ih for the hidden resources of the state, when the common- 
th in general is interested in the enterprise, is a demand 
should be heeded by legislators. It is one of the distinguish- 
narks of American civilization that the people are willing 
X themselves for the promotion of public improvements and 
3ientific research. The people in general are more intimate- 
quainted with as well as more profoundly interested in the 
mention of scientific research, and the economic results of 
research, than in other civilized oountries. 
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This general impulse toward economic geology in Minnesota 
resulted in the passage of the following law by the Legislature 
of 1887. 

AN ACT TO EXTEND THE WOBK OF THE OEOLOOICAL AND NATUBAL HISTOBT 

SIJEVEY OF THE STATE. 

Be it enacted by the Legiti^iture of the State of Minnesota. 

Section 1. It shall be the dntj of the state geologist to make practical and 
actual tests by drilling or digging or other excavations in the earth such as he 
shall deem best suited to accomplish the purpose of this act for the discoveiy 
of any of the hidden mineral resources of the state, such aJB iron, copper, silyer, 
gold, coal, gas, coal oil, common salt or any other valuable material that he 
may deem likely to exist in any of the rock strata of this state. 

Section 2. In determining the localities at which such testing and explor- 
ing shall be done he shall be guided by such geological facts as he may poasen 
or obtain, which may indicate the existence of any of the substances which it is 
the purpose of this act to discover. He shall also be guided by the proportion- 
ate amount of money that the owner or owners of the land on which such ex- 
plorations may be proposed shall contribute to pay the cost of such explora- 
tion. 

Section 3. It shall be the duty of the state geologist to report at once to 
the board of regents all discoveries either of economic or scientific interest to 
the state that may be made by such testing and exploration. Each repot t shall 
be published by the board of regents in the same manner as now provided for 
the publication of the annual reports of the geological and natural history 
survey of the state, and shall be paid for out of the same fund. Provided^ that 
any important mineral discoveries or other scientific contribution to the geologi- 
cal and natural history survey that the said state geologist may deem neces- 
sary for Immediate publication, shall not be suppressed until the regular re- 
port of the board of regents, but shall be issued from time to time under 
the direction of said state geologist. 

Section 4. That the sum of five thousand (5,000) dollars for the year A. D. 
one thousand eight hundred and eighty-seven (1887) and the sum of five 
thousand (5,000) dollars for the year A. D. one thousand eight hundred and 
eighty-eight (1888) is hereby appropriated out of any moneys not otherwiM 
appropriated for the purpose of defraying the expenses of said tests. The in- 
vestigations provided for in this act shall not be conducted in the interest of 
any mining company or corporation. 

Section 5. This act shall take effect and be in force from and after its 
X>assage. 

Approved March 8th, 1887. 

In pursuance of the requirements of this law some investiga- 
tions have been made, and it is the intention of the writer here- 
with to make report thereon so far as they have appertained to 
search for natural gas. 
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FACTS KNOWN PRIOR TO THE PASSAGE OF THE ABOVE LAW. 

It will be a natural introdaction to what follows relatiog to 
the investigations that have been carried on, to recall some of 
the considerations, and mention some of the facts which seemed 
to invite the expenditure of money in search of natural gas. 

1. From time to time reports have been published of the sud- 
den outburst of gas of some sort from excavations made by rail- 
roads or by private parties, either in digging common wells or 
in sinking drilled holes into the rocky strata. 

In the making of a well near Big Stone lake the workmen of 
the Chicago, Milwaukee and St. Paul Eailroad met with curious 
manifestations. There were slight explosions, accompanied by 
strong odors of some gas. The substance excavated at the bottom 
of the well was a dark damp clay. Finally a more severe and 
nearly a disastrous explosion, which threw the workmen violently 
back and against the side of the excavation, alarmed them so that 
the work ceased. In this case Supt. C. H. Pryor sent a quantity 
of the dark clay to the writer, reporting the circumstances and 
asking a solution of the trouble. The clay proved to be some of 
the carbonaceous shale of the Benton (probably) of the Creta- 
ceous, and there seems to be little room for doubt that the gas 
originated in the lignitic beds of the Cretaceous. 

In Traverse county, in Arthur, a large flow of gas was en- 
countered at 180 feet depth, said to be below the till sheet of the 
drift. It rushed out with such force as "to throw out a heavy 
iron bolt inserted in the pipe." This was on the land of James 
H. Flood. This flow of gas continued but a short time, and 
gradually diminished, and finally ceased. This account is taken 
from the newspaper reports. The quality of the gas was not as- 
certained, so far as known. 

Similar facts were reported by Mr. Francis Bossard from near 
ITTaseca. Two wells on his farm gave abundant evidences of gas 
escaping from the eaith. They are about 65 feet deep, and at 
the mouth of the well the gas took fire from a lighted match and 
l)nrned with a blue flame extending 8 or 10 feet in the air. 
"When burning there was a noise which could be heard, as 
Q.lleged, a mile and a half, andthe earth trembled '* as if by heavy 
tihunder." Water from these wells has a bluish color, and when 
left to stand shows an oily scum on its surface. This is in a 
^^ion supposed to be likely to have the Cretaceous rocks under- 
Xying the drifb. 
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Mr. August Peterson reported signs of gas at the mouth of the 
Gannon river in Goodhue county. This was in the sinking of a 
drill for the purpose of artesian water. "At the depth of 85 feet 
there was an upheaval of sand and gravel, marked and forcible; 
filling the pipe to the hight of twenty feet with sand, packing it 
so tightly that we had to drill it out. After cleaning it out 
tht-jre was another upheaval, sending the gravel and sand thirty 
feet, and so it kept on. We worked a month on twenty-five feet. 
Whenever we got within 8 or 10 feet of the bottom of the pipe, 
up the gravel would come. At 115 feet we got the pipe clean, I 
think. The hist cleaning out, however, showed a considerable 
yellow sand which looked as though coated with mustard; the 
very last, however, being a brown or blackish and oily substance 
which on being poured out separated from the water, a smoke or 
steam rising from it. Then we sent the drill down again, fully 
believing we were to the rock. The drill, weighing 1,500 pounds, 
was sent up about 15 feet in the pipe, and the sand the whole 
length of the drill, which is 28 feet, and shut the drill in solid, re- 
quiring several hours of work to loosen it. The parties working 
becoming both discouraged and angry, the thermometer ranging 
in the thirties (minus — N. H. W.), in extremity they procured 
a pile-driver and bent the pipe, so we left the place." 

Making another trial at 100 feet from this place, toward the 
main river bluff, Mr. Peterson obtained a fine flowing well of 
pure water without any trouble, at the depth of 350 feet. 

Besides the above statements there were rumors of the discov- 
ery of gas in several other places in the state, which could hardly 
be said to have authentic foundation. Some were at Hastings, 
at St. Paul, at Minneapolis, at points between Fort Snelling and 
Minneapolis, in Chisago county and at Stillwater. 

2. About the same time some "experts" from the great gas 
regions of Pennsylvania, said to be perfectly familiar with the 
manner of occurrence of gas, and its geological relations to the 
rocks in which it is found, who could see the "first sandstone" 
and imagined they could see the "second sandstone" but a few 
hundred feet deeper, along the valley of the Mississippi in the 
vicinity of Minneapolis, lighted the flame of popular confidence in 
the certainty of gtis in Minnesota in paying quantities, by confi- 
dent predictions of "immense spouters," in case a suitable test 
should be made under their direction. At the same time that they 
increased the genei^al clamor for some costly test, they increased 
the general distrust of sill geologists and geological evidence by 



NATURAL GAS IN MINNESOTA. 7 

saying that the geologists know nothing about where gas can be 
found, quoting the experience at Findlay, O., as evidence of it, 
and affirming that gas issues everywhere when it is properly 
sought for. 

3. In addition to these facts are some published facts of ob- 
servation, found in the geological reports of the state. In vol- 
ume one of the final report, page 384, are given the particulars 
of an exploration for coal at Freeborn, in Freeborn county, in 
which gas was met with in the process of sinking a shaft. On 
page 388 it is stated that some of the common wells in the west- 
ern part of Freeborn county are injuriously affected by the prev- 
alence of carbureted hydrogen gas. On page 488 is a record 
of carbonic acid gas in a well in Manyaska, in Martin county. 
On page 552 Thomas Kennedy's well is described. In it are 
found the remains of wood, such as logs, bark and leaves of trees, 
and a dangerous gas gathers rendering the water poor and unfit 
for use. On page 629 is mentioned the well of J. P. Edwards, 
situated in Prior, Big Stone county, and that of Samuel Yarco, 
both of which met with gas. The statement is made that at the 
depth of about 100 feet wells in that neighborhood generally en- 
counter gas, with water, coming from a dark-colored sand. 

4. Other feicts of a similar nature were in the i>068e6sion of 
the survey, derived from various counties, some Arom Steams, 
some from Nicollet and others from Hennepin and from Blue 
Earth, though still unpublished. 

THE INT£BPB£TATION THAT HAD BEEN MADE OF THESE FAOTB. 

By the state geologist all these signs of gas had been ascribed 
either to vegetable deposits in the drifb or to the Cretaceous. It 
is now better known than before the recent great developments 
in Ohio and other central states which have led geologists and 
others to scrutinize closely all sources of illuminating gas, that 
a limited amount of gas, undistinguishable from that which 
issues from the bed-rocks, is found sometimes, in the drift. This 
seems to be due to the decay of vegetation embraced between 
the deposits of the two ice-epochs, generally; but may be pro- 
duced by the burial of vegetation under the operation of much 
more limited agencies, such as by the flood-stage of rivers or the 
high tide waters along the sinking sea-coast, or the lacustrine 
spreading of waters in low grounds toward the close of the last 
glacial epoch. 
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Ab to the Cretaceous origin of some of this gas, there was 
abundant reason to suspect that the lignites and lignitic beds of 
that age might be the source of this gas in those instances where 
the beds of the Cretaceous were known to exist in the neighbor- 
hood. In the Cretaceous all the conditions necessary for the 
production and retention in reservoirs below the surfieu^ of con- 
siderable quantities of illuminating gas are found to coexist not 
only in Minnesota but throughout a large extent of territory in 
DiaJcota. The lowermost layers of the Dakota group in Minne- 
sota seem to consist, in some places, of lignitic clays and lignite 
beds, though in others the bottom of this group is sandstones and 
conglomeritic sandstones. Overlying this is an impervious 
sheet of clays and carbonaceous shales, dark, plastic, often finely 
laminated, belonging to the Benton group. These beds would 
not only themselves be likely to be a source of illuminating gas, 
but would serve as a tight canopy to retain any that might be 
generated by the vegetable remains in the underlying Dakota 
group. 

From the greater portion of the state where these signs of gas 
were known the Trenton formation is wanting, and from the 
whole of the state the rocks of the Carboniferous age are want- 
ing. In the light of the great developments in Ohio and Indiana 
of gas from the Trenton, attention was at once attracted to the 
Trenton formation in Minnesota, and the known and supposed 
extension of those strata uuder the surface of the state was 
closely outlined and carefully considered. The conclusion was 
reached that the Trenton limestone might be the source of gas 
in Minnesota, and that in those areas where it was reasonably 
supposed to lie below the surface, as in Freeborn and Mower 
counties, at the depth of several hundred feet, it might embrace 
the natural conditions which it manifests where it is gas-bearing 
in other places, and it might have a sufficiently close covering 
in the form of the green and blue shales of the Cambrian [Cin- 
cinnati group] to retain such gas within its own porous sub- 
stance. This consideration was rendered the more reasonable, 
and more in keeping with the conditions delineated by Prof. E. 
Orton concerning the Trenton as a gas-bearing rock, by the 
known fact that the upper part of the Trenton (the Galena) is, 
in southern Minnesota, and in northeastern Iowa, a porous mag- 
nesian limestone. Hence it seemed possible that all the gas 
known to escape from the surface of the ground, or from wells 
in that area, might emanate primarily from the Trenton, though 
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known only as coming immediately from the Cretaceous or from 
the drift. It was also remembered that at Findlay the real source 
of the gas which escapes at the surface through crevices in the 
Niagara limestone and in the drift, is in the Trenton limestone 
at a depth of 1,648 feet below the surface. 

FACTS THAT HAVE TBANSPIRED SINCE THE PASSAGE OF THE 
LAW, RELATIVE TO THE EXISTENCE OF NATURAL GAS IN 
MINNESOTA. 

When the law was passed, and for some time before, parties 
had been engaged in drilling test wells at several places. One 
was at Faribault, and from this well was reported with particu- 
larity, and positiveness, the discovery of coal, marble, and the 
*^ conglomerate rock," in which last were said to be evidences 
of gas. Fair samples of anthracite coal were shown to all who 
desired to examine it, which were averred to have come from 
the bottom of this well. OtheV wells were being sunk at St. 
Paul, and in South St. Paul, and another at the State Fair 
Orounds, intermediate between St. Paul and Minneapolis. Gas 
was reported to have been found issuing from several places at 
St. Paul and particularly from the St Peter sandstone near Fort 
Snelling, on the east side of the Mississippi. Considerable quan- 
tities of inflammable gas were exhibited and burned in public 
places by parties interested in some of these wells, said to have 
been obtained within a few miles of the Capitol building. At 
Hastings gas was discovered, as claimed, along the blufife of the 
river, and a company was to be organized to bring it into eco- 
nomic recognition and use. At Freeborn, in Freeborn county, the 
old gas-supply was re-examined. Three drilled wells were sunk 
to the depth at which gas was found, and gas-pipes were in- 
serted in them with gas-burners at the upper ends. From these 
the gas was seen to issue, and on applying a lighted match 
would burn with considerable heat and light. At Duluth a 
company began to drill for gas, another began at Stillwater and 
still another at Moorhead and another at Mankato. One was 
begun also in Xorth St. Paul. The fever spread throughout the 
state. It is probable that but few counties can be named in 
which there has not been more or less agitation and some pro- 
posals by capitalists to bore for gas — the last being at Minne- 
apolis, where it is reported a gentleman who is familiar with the 
Pennsylvania gas region, is sure he can see the *' first and sec- 

Vol. III.— 2. 
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ond sandstones," and the correct geological relations that indi- 
cate the surety of getting a large flow if a proper test should be 
made. 

WHAT HAS BEEN DONE BY THE SUHVEY TO DISCOVER THB 
POSSIBLE GAS-RESERYOIKS IN MINNESOTA. 

Although the terms of the law making it the duty of the state 
geologist to undertake a search for economic products are very 
broad, it was plain that the first expenditure should be for the 
discovery of gas. There are other economic interests that justly 
claimed a representation in any such public expenditure, and 
specially the iron resources of the state, both so far as known and 
developed, and particularly the unexplored iron regions of 
northeastern Minnesota which may be said simply to have been 
discovered, not explored. 

Accordingly negotiations were entered into with the St. Paul 
Heat and Power Company, of St.* Paul, who had been sinking a 
deep well near the State Fair Grounds between Minneapolis and 
St. Paul, and at other points, in search for gas, for the purchase 
of one of their deep-well outfits, including steam engine and all 
appliances and tubing for a deep well two thousand feet deep, 
six inches in diameter. This also included the derrick which 
had been erected on the grounds. This was transported to 
Freeborn county and was put to use in drilling a six-inch well 
at Freeborn, in that county, in order to ascertain, if posRible, 
the origin of the natural gas that escapes there and is burned at 
the upper ends of the pipes. The machinery is still there, and 
is engaged in the same undertaking, under the charge, and 
at the cost of the Minnesota Natural Oas, Oil and Fuel Ck>m* 
pany, at Albert Lea. 

The operations at Freeborn. 

It will be best to rehearse the facts which led to the selection 
of this point in the state at which to make the first trial for natu- 
ral gas. 

In the third annual report of the survey (for 1874) the first 
report on Freeborn county was given, and includes the following 
account of 
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^^ ExploraUons for coal. 

"In common with many other places in southern Minnesota, Freel)orn town- 
ship, in the northwestern comer of this connty, has famished, from the drift, 
pieces of Cretaceous lignite that resemble coal. Those have in a number of in- 
stances incited ardent expectations of coal, and led to the outlay of money in 
-explorations. Such pieces are taken out in digging wells. The opinion seems 
to grow, in a community where such fragments are found, that coal of the Car- 
boniferous age exists in the rocks below. In sinking a drill for an artesian 
well, at Freeborn village, very general attention was dire<*ted to the rejwrted 
occurrence of this coal in a regular bed in connection with n * slate rock.' This 
locality was carefully examined, and all the information was gathereil, bearing 
on the subject, that could be found. The reconl of the tirst well drilled is 
given below as reported by the gentleman who did the work: 

1. Soil and subsoil, clay 15 feet. 

2. Blue clay M feet. 

3. "CoDglomerated rock " (liard todriU) 2 incliM. 

4. S«nd, with water 6 fi-et. 

& ¥lne day, tough, hard to drill, with grayel and limestone pebbles 60 f«-et. 

6. Sand, with water 4 inches, 

7. "Slate rock" 



^^,^^:] p«.ubiy cre.«»ou.. ::z:;:::::..::z:::;::::::::::::::::::::::::;;;:;:::z;:;::::. n.5lJ: 



ToUl depth 122 feet. 

"This indication of coal induced the drilling of another well, situated 300 
feet distant, toward the N. E. In this the record was as follows, given by the 
flame authority: 

1. Soil and 8ubeoi1,clay 15 feet. 

4 Blue clay ^ 33 feet. 

t, "Conglomerated rock*' 2 inches* 

4. Sand with water and pieoei of coal 12 inches. 



Ty)Ul depth..... „.. 60 ft 2 in." 

Farther exploration was made in the sinking of a shaft in the 
same vicinity, bat at the depth of 35 feet the work was so im- 
X>eded by the influx of water, and the workmen being without 
adequate knowledge and means for removing it, it had to be 
abandoned. 

At still another point, about three-fourths of a mile north of 
this place, a shaft was sunk to the depth of 57 feet, the strata 
having been tested first by a drillhole to that depth. In this 
drill-hole gas was first met with in noticeable quantity. It rose 
above the top of the pipe, and being ignited it flamed up eight 
or ten feet with a roaring sound. The shaft was so near the 
drill-hole that it drew olf the gas gradually, as supposed, allow- 
ing the intermixture of so much air that rapid burning was pre- 
vented. The exploration here being given up it was resumed at 
the former place, where another shaft was begun. But water 
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entered the shaft so copiously that the work had to stop at lOS 
feet. The water here was impregnated with the same gas as that 
which rose in the drill at three-fourths of a mile further north. 
Such water was also found in the well at the hotel at Freeborn. 
A test was made with sugar of lead for sulphureted hydrogen^ 
but as it failed the gas was presumed to be carbureted hydrogen. 
Again in 1880 this search for coal was resumed by Mr. E. B. 
Clark, who caused a shaft to be sunk 144 feet,* with the follow- 
ing result: 

Soil 2 feet. 

Yellow tm 14 feet. 

Softer blue till 29 feet. 

Sand 1 foot. 

Gray till, harder than the yellow till 47 feet. 

Sand 1 foot. 

Gray till 2 feet, 

Qoickaand 44 feet. 

Total depth reported 130 feet. 

At the depth of 124 feet from the surface Mr. Clark reported 
a stratum of slate two inches thick, '* underlain by six inches of 
soil." The bottom of this exploration was said to have been 
drilled four feet in ''slate." By the term slate in all these 
wells the workmen designate the slaty gray shale which appears 
in many places in the drift in Minnesota and is derived from the 
Cretaceous. When it is more than usually abundant it indicates 
the near proximity of the beds from which it is derived, and in 
some instances it has been found on excavation, or is in outcrop 
in the neighborhood along some stream or ravine. The county 
reports that have been published contain numerous proofe of the 
nature and origin of this ''slate." 

A visit was made to the locality before work was begun, and 
further information was obtained respecting the extent of these 
evidences of gas. By the aid of some of the citizens of Albert 
Lea, who had become informed of the former indications and 
their significance, several new trials had been made, and the flow 
of gas had been restored and had been conducted to burners 
which were regulated by thumb-stops. 

The small map accompanying shows a section of that part of 
Freeborn county which embraces the area of natural burning 
gas. On returning from this visit the following letter was 
written : 

*Vol. 1, final report, p. 385. 
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MiNNEAPOLiB, Minn., Jane, 16, 1888. 
To the Minnesota Gas, OH and FimI Company, Albert Lea^ Minn., 

Gentlemen: At your reqaest I give herewith a brief state- 
ment of the resolts of the examination I made of the gas wells 
at Freeborn last week. 

There was a party of fifteen or more, and they all witnessed 
the exhibition of gas-bnming from the tops of two inch pipes 
sunk into the earth about seventy-five feet. That there coold 
be no deception as to the genuineness of this, and the origin of 
the gas as claimed, the sand pomp was sunk into each one and 
gravel and clay were brought from the bottom. The pumping 
was also intended to relieve the gas from obstructions caused by 
water and gravel which get into the pipe and choke the flow of 
gas. Four such wells are in existence in the immediate vicinity 
of Freeborn, and afford gas intermittently, the stoppage being 
caused probably, as represented, by obstructions that now inter- 
fere with the current of gas, and choke up the bottc»m of the 
pil>e. I am credibly informed also that indications of gas have 
been met with in numerous other instances in the sinking of 
wells in the neighborhood of Freeborn, and I know, of my own 
observation, that, now nearly fifteen years ago, when I first sur- 
veyed Freeborn county, such exhibition of gas was witnessed in 
the sinking of a shaft for explorations for ''coal," and that it 
permeated the water of some wells and rendered the water unfit 
for general use. • 

The current of gas coming from one of these wells burned 
with considerable roaring, when allowed to escape in full force, 
issuing from a series of gasjets arranged about a central disk, 
and, when regulated by the stop-cock, it becomes luminous, and 
burned with the regularity of any gas-supply. 

The country round about is an open, ordinary prairie, like 
that seen in much of the southern and western part of the state, 
there being no rock exx>osure in any direction for many miles 
round. The evenly spread drift has an unknown thickness, and 
the surface drainage, while finally reaching the streams that flow 
into the Minnesota river, yet is so sluggish that numerous 
marshes are caused on the level prairie, and some shallow lakes 
of considerable size. These wells are on the west side of the mo- 
rainic tract which passes through the county and which consti- 
tutes actually the highest water-divide, but they .are not much 
lower than that divide. 

In the absence of reliable data for determining the character 



14 BULLETIN NO. 5. 

and age of the underlying rock at Freeborn, I can only give yoa 
hypothetical explanations of the source of this gas, and must de- 
fer till some new facts are ascertained, all positive statements. 
The general geology of that part of the state will permit the ex- 
istence of either one or two of those formations that supply gas, 
at Freeborn, viz. : the Cretaceous, or the Trenton. The Creta- 
ceous is known in some places in the western states and territo- 
ries to contain not only lignite, and possibly to furnish petroleum, 
but also to give origin to natural gas, and it has been my opin- 
ion that the gas at Freeborn issued primarily from the rocks of 
that age. The ''ox)al" that was sought by shafting at Freeborn 
in 1873 and 1874 was Cretaceous lignite, and the reports that 
were given me of the materials passed through, while evidently 
so described and modified as to fit the true Carboniferous rocks 
of Iowa, yet were, so far as I could see, indicative of the Creta- 
ceous.only. The deepest was about 128 feet, and at the bottom 
was said to be '*coal." 

I think the Trenton formation may exist below Freeborn. In- 
deed it is very likely to be found, in case of drilling a deep well 
at a depth not to exceed one thousand feet, and possibly not 500 
feet. This formation is well known in Indiana, in Illinois and 
Ohio as the source of great quantities of natural gas, and it may 
be the source of that at Freeborn. Even if gas issue now from 
the Cretaceous, it may come primarily from the Trenton. At 
Findlay, Ohio, it rose from the Trenton through several hundred 
feet of strata, and at the surface escaped for thirty years from 
the Niagara limestone. It was only a deep well that penetrated 
the Trenton that revealed its real origin. So here, in case of 
drilling at Freeborn, the drill ought not to cease till the Trenton 
be reached, even if gas in considerable amount should issue be- 
fore reaching it. 

In conclusion: lam satisfied, both from the facts above stated, 
and from the analysis made by Prof. Dodge,* that the gas that 
issues at Freeborn is natural rock gas ; that the geology of that 
part of the state, so far as it is known, is favorable for the exist- 
ence of the Cretaceous and the Trenton formations in that part 
of Freeborn county; that either of these may be the source of 



* Two Minples wera submitted to Frof. Dodge. Thene were obtained and transported under 
unfavorable conditions, and there is no doubt that the gas bocame mixed with common air 
before they reached him. lie reported in one sample common air 47.37 per cent, and marsh 
gas or light carbureted hydrogen, 61.98 per cent. In the other sample he reported common 
air 24.59 per cent, and marsh gSM or lighc carbureted hydrogen, 74.58 i>er cent. In each case 
there was let^s than one per cent of carbonic acid gas. 
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this gas; that the imperfect developments which you have prose- 
cntecl are ample to show the probability of a great gas reser- 
voir that can be reached by a deep drill; and that all the indi- 
cations warrant me in saying that you should by all means 
prosecute the investigation to its final result, and that too as 
soon and as rapidly as is consistent with due economy. 

In view of the importance of this investigation to the State at 
large, I shall take pleasure in allowing the use of the deep well 
machinery belonging to the State, in such a test; and under the 
law of t)ie appropriation made by the last Legislature, will allow 
such further aid as I consistently can to have the exploration 
made thorough and complete. 

Respectfully, 

N. H. WiNCHELL, 

State Geologist 

Accordingly the drilling machinery was removed from St. 
Paul to Freeborn and a well was begun which has reached the 
depth of 535 feet, giving the following record. The drillings are 
deposited at the university. 



• 



The record of the Freeborn gas well. 

Depth. 

1. Yellowish-blue pebbly clay 2() leet. 

2. Slightly darker pebbly clay 30 feet. 

3. The same 40 feet. 

4. The same 50 feet. 

5. The same 60 feet. 

6. The same 70 feet. 

7. Gravel and sand, bearing gas 74 feet 

8. Same as No. 3, pebbly clay 80 feet. 

9. Same as No. 3, pebbly clay 90 feet. 

10. Same as No. 3, pebbly clay 100 feet. 

11. Same as No. 3, pebbly clay 110 feet. 

12. Same as No. 3, pebbly clay 120 feet. 

13. Drift gravel and sand, with fragments of lignite 130 feet. 

14. Drift gravel and sand, with many fragments of gray limestone... 140 feet. 

15. Fine quicksand 145 feet. 

16. Magnesian buff porous limestone, resembling Galena, mixed 

with drift pebbles 150 feet. 

17. Magnesian limestone drillings, but mingled with some siliceous 

drift pebbles derived evidently from above. The rock frag- 
ments are small and apparently also argillaceous 160 feet. 

18. Gray limestone, compact, apparently Trenton, also mingled with 

some drift 190 feet. 

(No samples at 170 and 180 feet.) 
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19. Same as the last, but with slight signs of drift 20O feet 

20. Same as the last, bat containing broken pebbles of drift material, 

evidently from above 210 feet. 

21. Coarse drifl pebbles, some of the larger ones of limestone like 

No. 16. The pebbles are of greenstone, granite, and qnarte- 

yte 220 feet. 

22. Dolomitic, bnt mixed with grains of pure qnartz, very fine- 

grained, bnffish-gray, having a rapid effervescence 230 feet. 

23. The same, bat the limestone is nearly white, and compact, some 

chert fragments are visible 240 feet. 

24. Gray alnminoas limestone 250 feet. 

25. Gray limestone 260 feet. 

26. Gray limestone 270 feet. 

27. Gray limestone 260 feet. 

28. Gray limestone 290 feet. 

29. Gray limestone 300 feet. 

30. Gray limestone, finely crystalline '. 310 feet. 

31. Gray limestone, with siliceoas grains 320 feet. 

32. Gray limeavone :. 330 feet 

33. Gray limestone 340 feet. 

34. Gray limestone 350 feet 

35. Gray shale, with quick effervescence 360 feet 

36. Gray limestone..., 370 feet. 

37. Blaish gray shale; slight effervescence 380 feet 

38. Blaish gray shale; pebbly. .'. 390 feet 

39. Fine blaish shale 400 feet 

40. Coarser shale, containing pebbles of limestone and varions crys* 

talline rooks 410 feet 

41. Fine homogeueoas gray shale 420 feet 

42. A mixtare of blae and gray shale and limestone containing peb- 

bles and Trenton fossils. Here was said to be a good show of 
oil ; bat it was only temporary, and no trace of it conld be 
foaud at a subsequent visit 430 feet 

43. Same us the last the oil signs ceased 440 feet 

44. Fine bine-gray shale, containing grains of silica 450 feet 

45. Blue shale 460 feet 

46. White sandstone, evidently the St. Peter sandstone. Here a g^en 

oily appearance is reported to have been conspicnous for a 

time but "was soon lost 470 feet 

47. White sandstone 480 feet 

48. White sandstone 490 feet 

49. White sandstone 500 feet 

50. Green shale, dark, 5 feet thick. The well is cased to this green 

shale — i. e., the inner casing, 5^ inches in diameter 510 feet. 

51. White sandstone 515 feet 

52. White, fine euind. The superintendent here declares that he is 

sure that a fiow of gas was met, and that it is necessary to shat 

ofi'the water to develop it 535 feet 
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Sabsequent to the above the drilliugs were not so frequently prcser^'ed. Mr. 
H. G. Day sent samples which afforded the following? farther record. 

•53. At a depth of 710 feet saimples show a fine-grained mnjj:uesian 
limestone. The letter (Jan. 7, *8i)) accompanying this states 
that **the drill is now down 700 feet, and while it is not yet 
below what you designate St. Peter sandstone, the formation 
has materially changed in the last 50 feet. Tlie rock at inter- 
vals of 5 to 15 feet is intensely hard, the thickness of the hard 
rock being at times an inch or two, and again several feet. 
Under each hard substance, is a cavity or very soft porus rock 
or sand, and when the drill went through into these cavities, in 
each case very strong coal oil or gas odor came to the surface. 
The sand bucket was impregnated with the odor so strongly 
that it filled the derrick room. " If this change in the rock 
had been going on for 50 feet, the bottom of the St. Peter was 
at a depth of 650 feet, or 180 feet below the i)oint alK)ve re- 
corded at which it was first recognized. Sixty feet of the 
Shakopee limestone ; at 710 feet. 

^. The next sample sent in is a white saccharoidal, rounded, sand- 
stone, with the record: **21 feet of this at a depth of 840 
feet.*' There is hence an inter\'al of 109 feet unknown 840 feet. 

55. Slowly effervescing; magnesiau limestone, with the note : **Ten 

feet of this at a depth of 880 feet, underlying and overlying 
sandstone.'' 880 feet. 

56. Mottled green and reddish shale, with the note : *'A thin stra- 

tum of the green shale overlying 18 feet of red shale. Green 
shale struck at iKH) feet." This green shale is undoubtedly 
within the St. Lawrence horizon (the *' Mendota beds" of Wis- 
consin), and that allows the interval from 650 feet to 900 feet 
for Shakoi)ee limestone, the Richmond sandstone, the main 
body of the T^wer Magnesian and the Jordan sandstone. This 
interval, amounting to 250 feet, can not be subdivided accu- 
rately because of the lack of record. This shale, with varying 
amounts of magnesian limestone, continues to the bottom of 
the well, at 950 feet 900 feet. 

57. Drillings made up of green shale and magnesian limestone, 

mostly the latter. Taken at depth of. 920 feet. 

58. Drillings mainly of fine-grained, nearly white, magnesiau lime- 

stone, but evidently also siliceous, but with some fragments 
of purplish shale. The accompanying note is : *'About 20 feet 
of this." Taken at 930 feet. 

59. Much like the last, but more siliceous ; eflTervesces generally, but 

leaves a large insoluble residue. This is probably from some 
of the layers of the St. Lawrence, and can not be fbrther de- 
fined. Has some greenish shale 950 feet. 

By a condensation of the record the following appears to be 
the geological position of this well: 
Vol. ni— 3. 
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1. Drift 150 feet. 

2. Galena limestone 10 feet* 

3. Trenton limestone and shales 310 feet. 

4. St. Peter sandstone 180 feet- 

5. Lower Magnesian (with its parts, Shakopee, Eich- 

mond and main body of limestone), and Jordan 

sandstone 250 feet. _^, 

6. In the St. Lawrence limestone (with the accom- 

panying shales): pierced 50 feet. ._.;. 

Total 950 feet. .;. 

Under date of Dec. 5, the investigation was still going on. ^m 
Mr. H. G. Day, who has been active in promoting this enter- — -- 
prise, says: ^' We found oil of the pea-green color (petroleum)- * ^.)' 
in small quantities in the Trenton. At a depth of 534 feet Mr. — -. 
Bowland (the superintendent) claims he found a vein of gaB> 
of about the character of that in the exhibition wells, but water 
was coexistent and it could not well be cased off; so he bored 
further, and at a depth of 565 feet he claims to have found the- 
strongest vein of gas yet encountered there. It certainly gave - 
the gas odor, and filled the atmosphere with its fumes for sev- — = ^• 
eral rods about. Every bucket that came up brought the odor, ^•r, 
but as the well was nearly full of water, it was impossible to- ^i^m)- 
fully test it. We have been at work lately trying to case oflf the-^^-e 
water from this vein, but have so far failed, although we have ^^'6 
cased down with seed-bags and closed the hole tight around the ^^ -© 
casing at the bottom three times. The water vein was lower-::^^^ 
and we could not clear the well of water. While waiting for-:^^r 
some elevators to lift and lower the casing we are now boring^^S. S^ 
deeper. If we find nothing important before the elevators*:*' -'^ 
come we shall then make further efforts to case oflf the water justed ^3^ 
above the lower gas vein, and we intend to persevere in thi^ct-^^ 
purpose. If we fail, or if the gas does not show itself, as all^^-^*^ 
believe it will do, we are determined to go deeper, perhaps 2,OO0C^^^ 
or 3,000 feet, and we very much desire to use your machinery"^C*y 
therefor. Our * backei^s- want to make a thorough investigation,, 
and seem willing to stand the expense." 

Mr. Day also says, under date of Dec. 13, '88; " We have beei 
using every effort during the past two or three weeks to shut oi 
the watiT in our well at the gas indications, 465 feet, and hav< 
had the help of three experts, men as capable as any to be had 
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Bat it is impossible, we at last found, as the water and gas indi- 
cations are coexistent. These men agree that there are almost 
certain evidences of gas, snch as would be considered sure in 
the gas regions of the east. We are boring deeper, and want 
to go down 2,000 feet if necessary. We want to make the test 
thorough, and all concerned will not be satisfied otherwise." 

This being the situation at Freeborn at the present time, the 
search not being concluded, it will be next in order to rehearse 
the facts connected with some other wells in the same county. 

Other weUs in Freeborn county. 

In the immediate vicinity of Freeborn several common wells 
have been found to develop, at the depth of something less than 
100 feet, the same signs of burning gas as Mr. Scott's near the 
village. Of these the farthest northeast is in the northeast 
quarter of sec. 13, Freeborn, and the farthest southwest is in 
the western part of sec. 9, Carlston, separated from each other 
about seven miles. Several others intermediate between these 
extremes are so situated, including that at Scott's where the 
above test was made, that the direction of greatest evidence of 
gas seems to run in a narrow belt extending about N. £. and 
S. W. In general, about Freeborn, common wells pass through 
first about 70 feet of blue till, then a dark clay about 3 feet, 
sand about six inches, giving the gas flow, and then blue clay 
("till") extending down to the rock, which is struck at about 
150 feet. The rock is struck at 150 feet at Hartland. At a mile 
and a half south from Hartland, four miles east of Freeborn a 
well penetrated to a depth of 226 feet, which included 40 feet in 
rock, with no sign of gas. The rock was found to be a white 
magnesian limestone like that in the deep well at Albert Lea. 
Toward the west and northwest, in Freeborn county, from the 
point at which the above test was made for gas nothing is known 
as to the existence of gas at any depth, as no wells sufficiently 
deep have been dug. 

In Bath township, Mr. Michael Whalan, N. W. i, S. W. i sec. 
33, T. 104, 21, and Mr. Hans Nelson in X. E. i N. E. i sec. 4, 
T. 103, 21, Bancroft, found, at the depth of 190 feet, a gray sand 
of medium grain in the drillings from which were found frag- 
ments of charcoal and black, lignitic cellular woody material 
which resembles that found in the lignitic beds of the Cretaceous 
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at Redwood Falls.* The record of these wells has not been pre- 
served. Bnt, besides the above, the drillings from the depth of 
248 feet have been farnished by Mr. H. G. Day. The latter 
consist entirely of fine white sand which seems to be the down- 
ward extension of that at 190 feet, as it embraces sparingly fine 
fragments of the same vegetable matter. Mr. Whalan's well 
was 300 feet deep, and Mr. Kelson's 260 feet. 

The deep well at Albert Lea. The drillings from this well, which 
is 300 feet deep, were furnished by mayor A. C. Wedge. The 
well was made by Mr. Swanson in the summer of 1885. This 
well is situated in the high level near the business portion of 
the city, and the water stands at 22 feet below the surface. 
About 60 rods from this well Mr. William Morin sank another, 
beginning at a lower level, in the bed of what was once Spring 
lake, and penetrated to the depth of 204 feet. Flowing wat-er in 
this well was obtained at 120 feet, but the well was continued 
deeper with a hope of getting a stronger flow. The discharge 
is about 400 barrels per day, of good quality and a temperature 
of 50 degrees, Fah. The drillings of this well have not been 
examined, but it is the opinion of mayor Wedge that the strata 
struck proved to be about the same as those given below as far as 
the drill penetrated. The water is apparently of the same 
quality. The iron films from the depth of 165 feet were derived 
from a bucket which became fast in the well and was drilled out. 

1. Mus. Reg. No. 6191. Drift grayel, largely limestone, from the depth of. 80 feet 

Drift sand and gravel, from 95 feet 

Drift sand, mainly quartz, from 105 feet 

Drift gravel and sand, from 112 feet 

Drift sand, from 113 feet 

Drift c«nd, with magueslan limestone, from „ 114 feet 

GI97 and 6198, Magnesian limestone and sand, from 115 feet 

Drift sand, with some limestone, firom 180 feet 

Maguesian Limestoue, with a few grains of drift sand, flrom... 148 feet 

Light-gray shale, slightly effervescing 155 feet 

" •• " " 160 feet 

Battered films of metallic iron, somewhat rusted, from 165 feet 

Gray nhale, sandy, efferveeclng, with some tilms of Iron, tram.. 172 feet 

Gray shale, from 210 feet 

Gray shale, from 218 feet 

Calcareous shale, nearly white, from 220 feet 

Campact, light-colored limestone, mixed with some drift-sand 
from above, or some arenaceous stratum, from 2S0 feet 

18. Mus. Reg. No. 6209. Drillings have a mixed composition ; though mainly of mag- 

nesian limestone, yet of different grain and color; also containing considerable 
sand, and some chert and fine crystals of silica referable to geodes in the rock ; 
one large firagiuent is distlntly arenaceous, from ^...284 feet 

19. Mus. Reg. No. 6210. Mainly white quartz sand, rounded and also angular; the 

rest is magnesian limestone, readily effervescing : both are in fine grains and 
fragments, firom 206 feet 

♦ VoL I, final report, p. 578-9. 
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20. Mu». B«g. No. 6211. Same as the last, flnom 237 feet 

21. « " " 6212. Same SB last, from 240 feet 

#. " " ** 6218. Mainly a homogeDeous, buff, magneslan limestone, with some 

quartz land, from 241 feet 

28. Mus. Reg. No. 6214. The drillings consist, mainly of the same, light-buff mag- 
neslan limestone, but contain also numerous pieces of a dark earthy shale, not 
inflammable nor combustible, flrom 243 feet 

24. Mas. Reg. No. 6215. Reddish-buff magneslan limestone, with some firagments of 

opaque white silica and some rounded sand, fW>m 248 feet 

25. Mus. Reg. No. 6216. Same as the last, fh>m 250 feet 

26. ** ** '* 6217. The wme without silica and sand, ft-om ....254 feet 

27. '* ** " 6218. Reddish-buff, compact, magneslan limestone, from 258 feet 

28. " " " 6219. The same, from 260 feet 

29. ** " " 6220. Reddish-buff, compact, magneslan limestone, mottled with 

gray, from 265 feet 

80l Mus Reg. No. 6221. The same, without gray mottlings, but with some chert and 

some sand. fh>m 270 feet 

31. Mus. Reg. Ko. 6222. Light-gray to buff, crystalline magneslan limestone, with 

rare beads from crinoid filaments, from 275 feet 

S2. Mus. Reg. No. 6228. Buff magneslan limestone, from 285 feet 

33^ u u tt 5224. Light-buff magneslan limestone, some of the drillings being 

unwashed, and then, dried, resembling a ligbt-gray shale, ^rom 295 feet 

35. Mus. Reg. No. 6225. Vesicular, buff, magnesian-limestone, resembling the upper 

pari of the Niagara limestone, from 800 feet 

There is but little to serve as a guide in assigning these lime- 
stone strata to their geological horizon. There is, in the Albert 
Lea well, a thickness of about 186 feet of limestone which does 
not vary very much lithologically, extending from 114 feet to 
300 feet. It is shaly in some places, and also arenaceous. 
These characters would not preclude the Galena limestone, 
which is thought to te the most probable rock in that geographi- 
cal area. If, however, the Devonian limestones extend as far 
north as Albert Lea, these beds could all be assigned to that 
age, as far as their lithology is concerned, except Nos. 33 and 34, 
which have a greater resemblance to the Niagara. This would 
bring the Devonian upon the upper Silurian, as supposed in 
the deep well at Austin.* The shale extending from 155 to 220 
feet, a thickness of 65 feet, would, in that case, represent the 
Austin rock, and the mixed and arenaceous beds extending from 
220 feet to 240 feet would parallelize with the conglomerate of 
the Austin well. There would be then 45 feet of magneslan 
limestone in the Albeit Lea well, below the conglomerate horizon 
before the lithology of the Niagara is recognizable. This would 
fall into the upper part of No. 8 of the Austin well. 

More recently several other wells have been drilled at Albert 
Lea, and some have obtained an artesian flow of water. Incom- 
plete records of some of these wells have been obtained. 

The " Greene- Dommick company'' well is three blocks west 

*The record of tbe Austin deep w(>ll is kIvcti in the l-lth annusi rei»urt,p. 16. 
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of the city park. It had 92 ft. 4 in. to the rock, the drift 
consisting of sand followed by 50 feet of blue clay, four feet o^ 
gravel, and a hardpan, which last lay on the rock. The first 
rock was a buff magnesian limestone of fine grain, efTervescing 
freely, resembling the Onondaga portion of the Devonian lime- 
stones as described in Ohio, and also in the report on Fillmore 
county.* This had a thickness of 20 feet. This was followed 
by a shale three feet in thickness, and the shale by 40 feet of 
bluish, very fine-grained sandrock resembling the Austin rock, 
so-called, but effervescing freely, and disintegrating, leaving an 
impalpable residue. Below this the workmen reported a " crev- 
ice" 15 inches in perpendicular thickness, from which were 
shown some pebbles and fragments of white granular quartzyte 
and one of a dark gray, arenaceous quartzyte. Under this was a 
porous, nearly white, fossiliferous limestone which is easily refer- 
able to the Niagara such as that described in the southern part of 
Fillmore county ** and on the Mississippi river further south- 
east. This extends, with some variation to compacter texture, 
and the intermixture of some rounded grains of white quartz, 
to at least the thickness of 20 feet below the crevice, at which 
point the record is broken, and nothing furt>her is known till at 
the depth of 212 feet when the drillings show a compact saccha- 
roidal limestone which had been pierced six inches. It may 
fairly be presumed, since no drillings were shown, that no 
change worthy of note took place in this unknown interval, and 
that the Niagara extended downward to the last — which itself 
also seems to belong to the Niagara. 

At Albert Lea a mucky deposit is found in some wells at about 
thirty-eight or forty feet below the surface. This is associated 
with quicksand, and contains leaves and sticks. It renders use- 
less some of the common wells. Other wells in the vicinity of 
Albert Lea yield a gas which on being examined by Prof. Dodge 
was found to be carbonic dioxide. When this was first dis- 
covered it was supposed to be burning gas of the same quality 
as that at Freeborn, but it would not ignite. 

DEEP WELLS IN OTHER PARTS OF THE STATE. 

The explaration at Mankato. Prompted by the prevalent idea 
that gas must exist in many unknown reservoirs in the crust of 
the earth, capriciously formed and distributed in a manner 



♦ Final report, Vol. I, p. 303. 
♦• Final report, Vol. I, p. 30J. 
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wholly nnknown and inexplicable by geology, some parties at 
Mankato organized a company and songht the services of the 
<Liyiner's-rod. A gentleman by the name of Booker was paid 
.•$26C for "locating" the gas veins at Mankato. This "witch,'' 
whose services are well known in Ohio where he has been ex- 
tensively advertised bv his bombastic circnlars, passed over the 
:ground, and, as reported, was taken with jerks and shakings so 
violently in certain places over which he passed that he could 
not endure the current. He was obliged to stand on one foot, 
placing the other against his knee to break the electric flow. He 
predicted that a gas flow equal to that at Yan Wert, OhiO) would 
be obtained by drilling at the point he designated, which was 
near Minneopa falls, about where the company desired to drill. 
Here a well was drilled to the depth of 1,000 feet, giving arte- 
;sian water, and reputed to have brine at the bottom, with the 
following imperfect record, which is ambiguous in some of its 
parts: 

Record of the deep \oell at Minneopa falls, near Mankaio. 

1. *' Loose soil, sand and gravelf'' about 100 feet. 

2. "Blue slate,'' probably a shale of the *'Mendota'' horizon, 

about 10 feet. 

3. "White sandstone," about 35 feet. 

4. "Redstone, clay-like," about 20 feet. 

5. "Bluish slate, white when dry," about 100 feet. 

•6. "Pink sand," about 10 feet. 

7. " More white sand," about 100 feet. 

Then comes the quartzyte, which was struck at 585 feet. 

[No samples of these strata above tbe quartzyte were seen by 
the writer, but the description is such as was given by the 
gentleman (Fox) who was last in chaise of the well. This 
record seems defective, since among the drillings preserved, 
of which samples are deposited at the University, is a 
magnesian limestone at the depth of 117 feet, and other sam- 
ples as detailed below.] 
•'8. Magnesian limestone, some of it being pinkish and easily effer- 
vescing, and other parts being specked with greensand,.like 
that seen at the quarries at Judson,* a few miles northwest 
from this place. Said to be the first rock struck — 117 feet 
below the surface. The pipe is driven down to this. Thick- 
ness unknown. 

9. Whatever the succession of jmrts above, there is a substantial 
accord in all the evidence that a red quartzyte and pebbly 
conglomerate was struck at 585 feet. Prof. Bechdolt is of the 



• Final report. Vol. I, p. 125. 
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opinion that the whole of this was conglomeritic. This is the- 
New Ulm rock, the '*Baraboo qnartzyte/' the Huronian 
qnartzyte of Wisconsin, the Wanswangoning qnartzyte of 
Pigeon point, the Pewabic qnartzyte of the Giants' range, the 
Pokegama qnartzyte of the npper Mississippi, the Thessalon 
qnartzyte of the original Huronian in CSanada, the Potsdam 
qnartzyte of the Adirondack region, the ^* granular qnartz " 
of the Green mountains, and the '*red sandrock" of the 
Champlain valley, and probably the Braintree qnartzyte of 
Massachusetts. There is a remarkably uniform lithology and 
constancy of general stratigraphic relations that attend this 
great qnartzyte from Minnesota to New England. In New 
England it has given fossils that fix it in the primodial zone, 
and the same have been found in it at Pipestone in Minne- 
sota, about 200 f< 

10. Below this quartzyte and conglomerate was found a grayish 

hard rock which in the drillings is fine and nearly black. 
These drillings contain magnetite in considerable amount, 
which when examined for titanium show the rock is not 
titanic, and hence that the stratum is probably not the equiva- 
lent of the gabbro of northeastern Minnesota, as it was first 
suspected of being. It is on the other hand likely some part 
of the dark slates of the Animike which often contain non- 
titanic magnetite.^ Under the microscope this proves to be a 
highly quartzose fragmental rock, al>out HO 

11. Associated intimately with this, and not distinguished from it 

by the drillers, is a light reddish sollb rock, the drillings of 
both sorts appearing in the same collection, and both being 
said to have been "first below the quartzyte." This reddish 
rock soils the fingers, but some of it is harder and will not crush 
easily. Parts of it are kaolinic, even white, and it also con- 
tains some crystals of calcite which show rapid effervescence. 
A few of the grains put into hydrochloric acid soon form a 
jelly, showing the probable presence of some zeolitic mineral, 
perhaps laumoutite. The general aspect of this soft red rock, 
which also contains some fragments of hard red felsyte, is the 
same as that of the "ash-bed conglomerates," and laumon- 
titic amygdaloid^ of the Cupriferous of the northern part of 
the state. 

12. Below this the drill entered a compact red felsyte, the drillings 

from which, while showing some of the soft red rock described 
above, also become sub-granular and phauero-crj'stalliue, the 
separated minerals being apparently orthoclase and a greenish 
foliated mineral like some chlorite. In this the work stopped 
at the depth of one thousand feet, f 

* Compare the bixti>cDth annual report. 

of 
tSubsc<{iientlv the official record of this wdl was fumisheil by Mr. 8. R. Patterson, ^^ 

Hartford City, Ind. But this is confirmed by no samples of the drillings. It fills up some 

the gaps of the other record, and contlrmsthe depth reported for the red quartayte,hc 
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The record of this well seems to indicate that the Capriferoos- 
formation lies below not only the Potsdam quartzyte, or some 
portion of it, but also below some portion of the Animike, at 
least below some beds which are identifiable with the mag- 
netitic, fine quartzytes of the Animike. This brings up various 
important stratigraphic problems which have been studied in 
the northern part of the state, but their consideration cannot be 
entered on here. 

Th^ deep xcell at StiUwater. The well at Stillwater was drilled, 
not with direct reference to seeking burning-gas, but, while the 
prevalent agitation on that subject probably prompted the un- 
dertaking, several citizens united in an efifort to ascertain thor- 
oughly the nature of the rocks that might lie below the city to 
the depth of two or three thousand feet. The well is 5 5-8 inches 
in diameter. It is situated on block 21, of the original town, 
about 40 rods west from the City Hall. In the following record 
the figures show the bottom of the respective strata, but the 
samples are from the top of the same, having been collected 
when the several changes first took place. The pipe rests on 
the stratum represented by the sample got at 701 feet. The hole 
is dry, nearly, below this pipe, except that by seepage a small 
quantity of brine enters the well. After stopping eight days 
there was found in the bottom about eight feet of such brine. 
This is on the authority of Mr. John McKusick. Some of this 
was preservedand on being examined by Mr. Sidener at the Uni- 
versity laboratory was found to embrace some bromine, this test . 
being made to ascertain its alliance with natural rather than 
artificial salt water. 

styled ''conglomerated granite." The red slate of this record (No. 11) is the same as No. 11 of 
the record above. But No. 12, the " dark bhie granite," is the same as No. 10, the actual order 
of succession being more likely that of thin record. 

1. Soil 10 feet. 

2. Quicksand and grayel 78 feet. 

3. Soft sandstone 28 feet. 

4. Bedrock 10 feet. 

5. Sandstone 100 feet. 

6. Slate 100 feet. 

7. Sand rock 100 feet. 

8. Green slate 70 feet, 

9. Soft sand or water rock 84 feet. 

10. Conglomerated granite < 150 feet. 

11. Red slate 100 feet. 

12. Dark blue granite 75 feet. 

13. Bedslate 25 feet. 

14. Red granite 70-95 feet. 

Vol. III.— 4. 
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Record of the Stillwater well. 

Taken at 

1. Hosted, coarse quartz saDd, roanded 18 feet. 

2. Gray siliceous shale, or **8late." 103 feet. 

3. White sand, with some yellowish shale 112 feet. 

4 Fine white sand, giving first water 162 feet. 

5. Green shale 203 feet 

6. Fine white sand, with globnles of pyrites 216 feet 

7. Green shale or sand, mingled with some white sand 5n^l feet 

8. White sand with some specks of green sand; water in lai^e 

volume 302 feet 

9. Mainly white sand, having a grayish aspect 312 feet 

10. Quartz sand, with some gray grains, all rounded 322 feet 

11. Rounded white sand, with some gray grains and some pyrites... 349 feet. 

12. Gray shale, slightly greenish 380 feet 

13. Whitish sand, but specked with pink, gray and some yellowish 

quartz, and occasionally a red orthoclase fragment 450 feet. 

14. White sand, rounded 460 feet 

15. A greenish- whitish, compact, kaolinic shale or clay, with a con- 

siderable amount of rounded quartz sand, the last probably 

mixed in the clay by the drilling process 540 feet 

16. (Doarse, yellowish-white quartz sand, almost pebbly 630 feet 

17. The same. Here the water all ran out 680 feet 

18. Red slate, or shale, with white kaolinic grains 701 feet 

19. White sand (quartz) mingled with reddish grains and with red 

shale pieces 706 feet 

•20. Red clay (shale), unwashed, hardened in drying 717 feet. 

21. Dark-red or brown feldspathic sandstone 796 feet 

22. Dark-red or brown feldspathic sand rock 892 feet 

23. Somewhat darker, otherwise the same as the last 923 feet. 

24. Same as the last 952 feet. 

25. Same as the last 2250 feet 



At the time this depth was reached (Dec. 6, 1888), there 
a temporary suspension of work, bat it was resumed again sub- 
sequently, the record being reported at 2,570 feet to be still the 
same as at 2,250 feet. This gradually became more kaolinic- 
feldspathic and trappose, also amygdaloidal and caldtic, and at 
3,800 feet was succeeded by diabase and a succession of beds 
characteristic of the Keweenawan to 3,400 feet. 

This red, or brownish rock (No. 25), is quite a different rock 
from the red kaolinic rock described in the Minneopa well, and 
lies much higher in the strata. This is the Fond du Lac and Ash- 
land brown sandstones, well known as a building material, with 
the interstratified shales, a section of which on the St. Louis rive 
has been taken with care and published in the tenth report of the 
survey.* There seems to be in this well an alternating graduation 

* Tenth leport p. 30. The full thickness Is not represented in this section. 
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from the light-colored sandstones to this feldspathic and reddish 
formation, indicating a chronological downward order unbroken 
by any important omission of strata, or unconformity. This 
agrees with observations in other places, and in some other 
wells; and if the '^ ash-bed" reddish rock described in the 
Minneopa well be correctly placed in the strata above the Anim- 
ike, or within the Animike, there must be between this *'red 
rock " and that of the Minneopa well, not only the red quartzyte 
but also the gabbro horizon. The gabbro sheet, therefore, if it 
extended to Stillwater, would be the first of the crystalline rocks 
that might be •> expected in further prosecution of that well. 
Below that would come, in regular order, the New Ulm quarjiz- 
yte; then the Animike black slates with their magnetite and 
felsyte.* 

The deep well at Moorhead. All information respecting this well 
was obtained through the courtesy of Mr. Sam. Partridge, of 
Moorhead. He has furnished a complete set of the drillings, and 
some notes that were made as the work progressed, by Mr. An- 
drew Holes. These notes are included at proper places, in the 
following record, which is made up from the drillings sent. The 
contract was executed by Gray Brothers, of Jamestown, Dakota. 
The well is located at centre of 7th street, north of Front street. 
Contractors began with a 14 in. hole, for 100 feet. Water was 
struck at 120 feet, which rose to near the top. Owing to los- 
ing the drill at about 174 feet in quicksand, and being unable 
to raise it, the contractors commenced at another point about 
30 feet north of the first hole. A boulder was struck at 150 feet, 
and another at 170 feet, in gravel; broken by blasting. 

Depth of 
ThickneM. Well. 

1. Black soil 2 feet. 2 feet. 

2. Yellow loam, or clay 3 feet. 6 feet. 

3. Yellow clay — lacnstrine or alia vial ; hrick clay 50 feet. 55 feet. 

4. Very fine, lacustrine blue -clay, with occasionally a 

pebble 55 feet. 110 feet. 

5. Drift gravel, with some clay, blue .*. 5 feet. 115 feet. 

6. Drift gravel, much limestone 10 feet. 125 feet. 

7. Coarse drift gravel, much limestone 10 feet. 135 feet. 

8. Drift gravel and sand, somewhat clayey; blue 10 feet. 145 feet. 

9. Sandy and gravelly clay, blue 10 feet. 155 feet. 

10. Sandy clay, blue 10 feet. . 165 feet. 

* At a depth of 3,^00 feet (May, 1889) the drillings indicate that the drill has entered gabbro, 
though of rather finer grain than mo»t of thai which appears in the hills of the Meeabi range, 
north abd east of Duluth. 
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11. Sandy clay, bine 20 feet. 185 feet. 

12. Gravelly and sandy clay, bine; with flakes of metallic 

iron, probably from the drill 10 feet. 195 feet. 

13. Bonlder; hard gray gneiss, mostly feldspar and qnartz, 

fine-grained, the sparse mica being silveiy and like 
hydromica, evidently a metamorphic rock, striped 
with sedimentaiy variations, some of the feldspar 
pinkish; broken by dynamite 5 feet. 200 feet. 

14. Bonlder; qnartzose, gray, evidently fragmental, veiy 

hard, in a taloose or sericitic matrix, and with 

veins of the same 20 feet. 220 feet. 

15. Blnish, sandy clay 20 feet 240 feet. 

16. Blnish, sandy clay 60 feet. 300 feet. 

17. Quicksand 45 feet. 345 feet. 

18. Quicksand, with some clay 15 feet. 360 feet. 

19. Green shale or clay; the drillings contain some grit; 

evidently the commencement of the green gran- 
itoid rock 15 feet.? 375 feet. 

20. No drillings sent.. 15 feet. 390 feet. 

21. Sofb, reddish, feldspathic chlorite-granite, or gneiss... 10 feet 400 feet. 

22. No drillings sent 40 feet 440 feet. 

23. Sofb, reddish, feldspathic chlorite-granite, or gneiss .. 35 feet. 475 feet. 

24. Soft, reddish, feldspathic chlorite-granite, or gneiss... 125 feet 600 feet. 

25. Soft, reddish, feldspathic chlorite-granite, or gneiss... 35 feet 635 feet. 

[NoTK.— The rock from 3'i5 feet to 635 feet is said to tktj 
from "blue'' (grren?) to red, or brown, and riee itrta, 
every 20 or 30 feot, indicating a gneissoid rock. 

26. Same asthe last 110 feet 745 feet. 

27. The same, but varying toward the rock like the boul- 

der described above at the depth of 200 feet 20 feet 765 feet. 

28. Same as the last, but more green from chlorite 35 feet 800 feet. 

29. Same as the last 100 feet 900 feet. 

30. The same 100 feet 1000 feet. 

31. The same ; but the drillings present a different aspect, 

and are so line that only with difficulty can the 
iDgrcdieuts be made out. The feldspar and quartz 
are not perfectly diflferentiated 10 feet. 1010 feet. 

32. The same us the last, but coarser. It is evident from 

this that the rock is an imperfectly crystalline 
granitoid rock, the outlines of the quartz and feld- 
spar not beiii^ defined, but blending together, as 
if a finely granular felsyte, with some cloudings 
due to impurities. The impurities cannot be 
easily <lcfined minemlogically, as they also fade out 
in the mass, but are i)erhaps micat'eous or chloritic 40 feet. 1050 feet. 

33. The same, but darker colored ; the feldspathic ingre- 

dient is frequently pink 15 feet 1065 feet. 

34. The same; Hue drillings 25 feet 1090 feet. 

35. Thesjinie; tine diilliuKs 30 feet 1120 feet. 
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36. Soft, greenishf bat finely red-mottled, flaky fel- 

syte(?) ; texture and grain like the last. This is so 
fissile and so dark colored that it has a very differ- 
ent aspect from the last. The partings are glisten- 
ing as if slickensided and chloritic. It is a.s8ooiated 
with some of the emptiveSf but its characters do 
not identify it certainly with any known horizon... 75 feet. 1195 feet. 

37. The same, with some calcite and some white feld- 

spar(?) 10 feet. 1205 feet. 

The Moorhead well shows that there the drift rests on crystal- 
line rocks of a peculiar gneissoid kind. 

[Note. As the Moorhead well is being drilled at public cost, 
the writer deemed it proper to remonstrate against further ex- 
pense, and communicated at once with the mayor through Mr. 
Sam. Partridge. In a few days the Moorhead News contained the 
following, giving correctly the recommendation written to the 
mayor: 

Mr. Sam. Partridge this morning received a communication dated May 8, 
^rom Prof. N. H. Winchell, state geologist, addressed within to the mayor of 
Moorhead, stating that he had just examined the samples of drillings taken 
from the Moorhead artesian well which were sent to him a short time ago, and 
expressing regret that he had not before been able to obtain samples, ^* because,'' 
said he, "I could at once have told yon that there was no earthly use of your 
going to further expense on the well. Yon ought to have stopped wheu the 
drill struck the rock at the depth of 390 feet, th^ rock being granitic and of that 
flort which forbids any hope of obtaining artesian water or other product of 
value.*' 

Soon thereafter further drillings were sent by Mr. Partridge, 
and by other gentlemen, asking re-examination, on the ground 
that, *' having gone so far it was heart-rending to give it up now." 
The lower drillings did not afford any reason to change the opin- 
ion before reported. 

Still the drill was continued, and the newspapers of Fargo 
{Argus) spurred it on with such comments as follows: 

Mayor Hansen, of Moorhead, says they intend to i-ontinue sinking the 
artesian well, in spite of professor Winchell's prognostications. And in this 
the whole Red River valley says — ''good for Hansen.'' There is no geological 
or other prescience that can guess dead sure on Red River valley matters. Suc- 
cess is what is wanted, and Hansen shows true grit 

When the Findlay, Ohio, i)eople were first boring for gas, the state geologist 
delivered a lecture there in which he said it was useless to bore in such a forma- 
tion, as they would never find gas. But they kept right on and struck a gas 
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well — before the state geologist got away fiK)m town. And now Findlay ha» 
the biggest gas display in the world. With all due respect to Mr. Winchell^ 
state geologist of Minnesota, why not let Moorhead do the same? 

A second letter from Mr. Partridge, accompanied by drillings* 
down to 1,425 feet, states that a remarkable change occurred after 
the last drillings before were sent, viz.: A bed of quick-mnd had 
been found near the bottom of the well, from ichich tcater quickly rose 
to near the top of the ground, and that the interested parties felt 
greatly encouraged to proceed. 

On examining the samples from this lower depth, they are 
found to be as follows, when thoroughly washed: 

38. Mainly water^wom sand, bat embracing also films 

of iron rnst, scales of slag from some fnmace, or 
fire-box where coal was burned, angular bright 
pieces of soft coal which bums readily in a flame, 
and some seeds which look fresh enough to sprout. 
These have been planted in order to ascertain, if 
possible, what sort of angiospermous vegetation 
lived at the age of the Moorhead granite and has 
so singularly preserved not only its form but its 
farinai^eous store of food so long. There are also 
in this some granite drillings. This sample was 
sent in the condition of a hardened clayey lump, 
but on washing away the finer parts these ingredi- 
ents appear. It is prol>ably from this that rose the 
supply of water which came to near the surface, — 
though it is a reasonable query as to how it was 
distinguished from that which was struck at 120 
feet aud which rose then to near the top 15 feet. 1265 feet. 

39. Mixed granitic rock; some rounded material, in- 

cluding pebbles of weathered limestone that effer- 
vesce in hydrochloric acid; also scales of irony mat- 
ter fn)m some clinkers from coal burnt in a furnace 
or other fire-box 16 feet. 1280 feet. 

40. The drillings are mainly of a liuht-colored but ohlo- 

ritic gnmite, quite rusty with .scales of iron from 
the drill, and others from some other source as 
remarkable n.s those mentioned above 46 feet. 1325 feet. 

41. Drillings mostly of wliite leltlspar and quartz, but 

also with evident, fresh chlorite-lilms 100 feet. 1425 feet. 

It is scarcely necessary to comment on these drillings. They 
demonstrate, to any geologist, not only the position of the bot- 
tom of the well, and the futility of further expense, but also the 
probably intentional tampering with the record, by which it wa* 
hoped the enterx)rise would be pushed further. 
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According to the latest accounts the mayor of Moorhead is 
still driUlDg in this granite. May 26, 1889.] 

The l>uLuth deep well. 

The drillings of this weU, as famished by Messrs. Gridley^ 
Mishler and others, were procured and sent to the survey by 
Wm. F. Phelps, Esq., secretary of the Duluth chamber of com- 
merce. They are well washed and carefully preserved in glass 
bottles and numbered so as to show the different depths from 
which they came. After the well had been sunk about 231 feet 
the enterprise changed hands. Previous to 231 feet no record 
was kept, nor drillings preserved. The well is located at Short 
Line Park, near Duluth, which is a short distance west of the head 
of lake Superior, but within the general valley of the St. Louis 
river. The mineral water met with in this well was analyzed by 
Prof. Dodge, of the university of Minnesota, and the result of 
the analysis is given below. It seems to be very similar to the 
brine met with in the Stillwater and Hastings wells. 

Depth of 
Record. Thickness, well. 

1. Earth 100 feet. 100 feet 

2. Rock (?) no drillings preserved 131 feet. 231 feet. 

3. Brownish-red, finely grannlar, homogeneons, with 

little free silica, apx>arentlj of the copper series 12 feet. 243 feet. 

4. Gray epidotic, finely granular gahbro 33 feet. 276 feet. 

5. No drillings 104 feet. 280 feet. 

6. The same as No. 4 37 feet. 417 feet.. 

7. The same as No. 4 31 feet 448 feet 

8. Apparently the same, bat finer^grained, approaching * 

diabase 15 feet 463 feet 

9. Essentially qnartzose, but the drillings contain also 

evidently feldspathic (labradoritic) fragments; the 
grains vary from limpid quartz to gray or pink or 
purplish; some of the larger are composed of grit, 
the included grains being rounded 5 feet. 468 feet 

10. The same as the last, pyritiferous, a quartz conglom- 

erate 5 feet 473 feet 

11. Drillings gray, pulverulent; rock very fine-grained, 

aphanitic, apparently soft 17 feet 400 feet* 

12. Drillings brown, with green grains of epidote(?) 

white grains of calcite and quartz and red grains of 
orthoclastic material. The needle does not pick out 
grains that are plainly of magnetite, but scales of 
rusted metallic iron, derived from the drill. This 
iron is found also in all the foregoing. The rock is 
not typical gabbro, but represents one of its modifi- 
cations. It is rather fine-grained 16 feet. 506 feet 



32 BULLETIN NO. 5. 

13i. This rock is essentially a brown felsyte perhaps 
a conglomerate, some parts being finely granitic 
in grain. It is also apparently fragmentalf and 
also resembles some of the coarser, i>send-amyg- 
daloidal beds of the Cnpriferons seen along the lake 
Superior shore further east 2 feet. 508 feet. 

14. Evidently a conglomerate that contains principally 

brown felsyte; also brown shale, and white gnd gray 
quartz and granular quartzyte. The shale is per- 
haps the matrix, and has mainly disappeared in the 
process of drilling and washing the drillings. It is 
slightly pyritiferous, and epidotic 3 feet. 611 feet. 

15. Pink and gray, quartzose conglomerate, and granular 

quartzyte, pyritiferous 2 feet. 513 feet 

16. The drillings are principally granular white or 

limpid quartz in small, angular grains. The cement 
seems to have been of the same material in finer 
grains 1 foot. 514 feet. 

17. Same as the last, evidently a white, granular quartz- 

yte 2 feet. 516 feet. 

18. The same, but showing gray also 4 feet 520 feet. 

19. The same, but more gray, also pink 4 feet. 524 feet. 

20. The same 4 feet. 528 feet. 

21. Drillings dark-gray, pulverulent; similar to No. 11 

above 2 feet. 530 feet. 

22. Trap-rock, epidotic diabase, some fragments brown; 

drillings fine, generally of a gray color 24 feet. 554 feet. 

23. Gray, diabasic traprock, epidotic and apparently 

amygduloidal 20 feet. 574 feet. 

24. The same; some fragments being brownish 16 feet. 590 feet. 

25. Drillings very fine, but apparently the same as the 

last 8 feet 598 feet 

26. Brown-gray diabasic rock, rather coarse-grained 15 feet. 613 feet. 

27. Drillings are of two sorts, (a) brown granito-felsitic, 

and (b) gray, fine-grained and traplike; som9 of the 
latter appearing to be porous or amygdaloidal or 
fnigmental 6 feet. 619 feet 

28. "Black slate'' or argillyte, aphanitic and purplish- 

gray, occasionally embracing fragments of coarser 
grit-rock us well as of light-grain softer slate or 
schist. This blai^k slate has a slaty cleavage, but 
it can not be determined whether coincident with 
a sedimentary bedding or not, although it appears 
to be independent of such a structure; evidently 
the Thompson slate formation 61 feet. 680 feet. 

29. The same as the last; with some drillings of white 

veiu-qnartz 200 feet 880 feet 

30. The same, but having a greenish tinge apparent, 

and l)eiug some softer 200 feet. 1080 feet 
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31. NodriUings 90 feet. 1170 feet. 

32. The same as No. 28 6 feet. 1175 feet. 

33. The same as No. 30 GO feet. 1235 feet. 

34. Essentially the same rock, but apparently not so 

slaty, with vein quartz 105 feet. 1340 feet. 

35. The same, rather light gray 30 feet. 1370 feet. 

36. Gray slate, slightly pyritiferoas; evident slaty cleav- 

age 5 feet. 1375 feet. 

37. The same as the last 25 feet. 1400 feet. 

38. Drillings are of two kinds, (1) dark gray slate (?) 

like the last, and (2) a lighter rock, apparently 

hydro-micaceous slate 35 feet. 1435 feet. 

39. Drillings very fine and of a light yellowish color. 

Thorough washing leaves a residue of fine quartz 
grains mainly; but this does not indicate the gen- 
eral character of the rock, as the matrix of these 
gi'ains is evidently lost by the washing. These 
grains are mainly white, sometimes glassy, but of 
various shapes and sizes. They can not be said to 
be waterwom, and are themselves minutely granu- 
lar when magnified about 40 diameters. Mingled 
sparsely with the white and glassy grains are also a 
few that are purplish, or gray, and also some of a 
loose, hypermicaceous schist. The general yellow- 
rusty color is caused probably by the oxidation of 
iron scales derived from the drill. These scales 
pervade all these drillings 2 feet. 1437 feet. 

40. The same as the last 8 feet. 1415 feet. 

41. The same as the last. In this can be seen, under 

the microscope, some fragments of a rock that ap- 
pears to be a kaolinic itacolumyte, and it is not 
unlikely that they are from the rock that furnishes 
these quartzose washings 3 feet. 1448 feet. 

42. The same as the last, but also contains some drillings 

like the next 2 feet. 1450 feet. 

43. Gray cx)mpact, very fine-grained, crypto-crystalline 

or fragmental, diabasic (?) rock.. 2 feet. 1452 feet. 

44. Same as the last, but also comtains some gray slate.. 2 feet. 1454 feet. 
46. Same as No. 43 1 foot. 1455 feet. 

46. The same fine-grained gray rock predominates; under 

the microscope it api>ears to consist of fine glitter- 
ing grains resembling quartz 1 foot. 1456 feet. 

47. Same as the last, but more evidently a fragmental 

gray quartzyte 1 foot. 1457 feet. 

48. The same, but somewhat lighter-colored 10 feet. 1 4()7 feet. 

49. Same as the last 10 feet. 1477 feet. 

50. Gray quartzyte, very fine, same as No. 46 10 feet. 1487 feet. 

61. The same 8 feet. 1495 fieet. 

Vol. Ill— 6. 
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52. The same, but some grains are apparently from a 

somewhat cleavable rock, thongh not argillitic 5 feet. 1500 feei 

53. The same gniy rock, evidently .slaty and finer- 

grained 7A feet. 1507} feet 

Suynmari/ of the Duluth well. 

It appears from the above record that the Duluth well passed 
through 131 feet of drift materials. It eucountered the frag- 
mental rocks of the Cupriferous and found 112 ft. of character- 
istic strata. It then entered gabbro at 243 ft. which was found 
to be 220 feet in thickness, extending to 463 feet. Then came a 
hard red and purplish quarzyte. This is interbedded with 
imperfectly characterized gabbro, with conglomerates consisting 
largely of brown felsyte pebbles, and with soft, indeterminable 
rock the drillings of which are very fine or pulverulent, of a 
dark gray color; the thickness of all the layers (67 ft.) carrying the 
well down to 530 feet. At the depth of 530 ft. the well entered 
trap-rock. As this is below the foregoing gabbro it introduces 
a new element in the stratigraphy of the Cupriferous, the gabbro 
having been regarded ius the lowest of the Cupriferous. This 
trap, with it« associated amygdaloidal beds, some known fel- 
sytes (some of them granitic), and fragmental tuffs, continued to 
the depth of (J 19 feet, a thickness of 89 feet, when the black slates 
of the Animike were struck. These slates, with the gray quartz- 
ytes, and occasional diabasic rocks connected with them, have 
continued thence to the bottom of the well at 1507 i feet. In this 
formation, at the depth of 1225 feet the operators report the dis- 
covery of the mineral water referred to below. But it is quite 
likely that it wiis in the drill-hole all the time after passing the 
Cupriferous formation. Such water was found in the Stillwater 
well and also in that at Hastings in the Cupriferous, but the 
mineral coutent-s of that at Duluth are not only more varied but 
also in far greater amount. Following is the analyses of both. 
Tlici report of the Duluth analysis was furnished with the drill- 
ings, and that from Hjistings was analyzed in 1881 at the request 
of Prof. C. W. Hall. 

AnabiHUH of water from the Duluth deep well. 

An analysis of water taken from the gjis well at Short Line 
Park, lu'iiv Duluth, made by profe^ssor James A. Dodge, of the 
State TJnivei'sity of ]\[innesota, at the request of Dr. D. A. Strick- 
ler, of Duluth, Minn. 
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« 

Part per Grains per 
miilioii. gallou, 11.8. 

Smceous matter 200.9 11.718 

Carbonate of iron 44.6 2.601 

Salphate of magnesia 2.0 .117 

Chloride of magnesinm 503.0 29.340 

Chloride of calcium 16,847.0 982.685 

Chloride of sodium...... 15,070.0 879.046 

Chloride of potassium 500.0 29.165 

Bromide of sodium.... 430.0 25.069 

Lithium salts traces. traces. 

Total mineral matter 33,597.5 1,959.741 

Free ammonia 93 

Albuminoid ammonia 40 

Analysis of the water from the flawing well at Sastings, reported 

by Frof Dodge. 

The foUowiDg gives the character of the solid residue from the 
water. Compare Vol. II, of the final report (Dakota county) for 
an account of this well: 

Grains per 
gallon. 

Silica 62 

Garb, lime 9.29 

•' iron 17 

Solph. mag 5.84 

ChL mag 1.82 

Chi. potass 1.15 

Chi. sod 26.15 

Total solid matter 45.04 

The deep well at FanbanU. The record of this well could not be 
obtained. No drillings were preserved. It was reported to be 
620 feet in depth, ''with signs of gas and anthracite coal." 

The deep well near the State Fair gnmfuh, between St. Paul and 
Minneapolis, in which also the ''expert'' from Pennsylvania pre- 
dicted and subsequently "discovered'' burning gas, is said to be 
500 feet deep. Of this well the record could not be obtained. 

The well in North St. Paulj in like manner can not be reported, 
since the record is unknown. 

The deep well in South St Faul, drilled by the same parties as 
the last two, under the instigation and advice of the Pennsylva- 
nia "exjJert,'' will also go to posterity with no record except as 
a monument to the infatuation which can be inspired by the 
positive assertions of a wanton adventurer in the minds of men 
ignorant of geology but eager for wealth. 

In the matter of the drilling of these four wells last mentioned, 
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all of which have now been abandoned, the advice of the writer 
was sought, and he unhesitatingly recommended that no monej 
be spent in a search for gas. This opinion was based on the geo- 
logical structure of this part of the state and the known geologi- 
cal relations of the gas-flowing wells of other states. 

CONCLUSIONS. 

The experience which has resulted from the efforts to find 
natural burning-gas in Minnesota, as above detailed, gives rise 
to some reflections and conclusions which it wiU be well to gather 
into a final statement. 

1. There is a body of geological tioith that to the geologist is 
as inflexible as any natural law, knd as sure as any deduction 
from observed facts. This truth is accepted by all geologists, 
Aivithout exception. When any economic research or any scien- 
tific question is presented for solution it must first be compared 
with these known laws of geology. If it violates none of them 
the geologist gives his answer accordingly, for these truths are 
not fluctuating. His answer must be in accord with the facts, 
and the evidence so far as it exists. If the problem involves ele- 
ments which lie beyond the scope of the facts in hand, or which 
are not covered by any established law of the science, his answer 
must necessarily be that lie does not know. He may, however, go 
beyond a statement of ignorance. He may collate the evidence 
favorable or unfavorable bearing on a hypothetical answer. 

2. It is in the realm of this uncertainty that lie most of the 
problems that the geologist has to answer; and it is here that he 
sometimes makes the mistake of giving a conclusive answer 
when he should give a conditional one. A similar mistake is 
made by some scholastics and so-called philosophers in estimat- 
ing the value of geological evidence in general. This error is 
due to a confounding of geological science with geological hy- 
pothesis. There is no limit to geological hypothesis, and any 
bungler or itinerant ''expert'' may indulge in it; but there is a 
distinct boundary to the body of truth known as geological 
science. Sometimes the popular estimate is biused on the shifting 
arena of hypothesis, and geology is charged with being a mass of 
speculation and contradiction, liable to vary from year to year. 
The pijurtieal geologist, in answering economic problems, has to 
discriminate rigidly between science and hyi)othesis, and to 
adhere unflinchingly to the guidance of science. 

3. If under the guidance of science, the geologist states that 
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neither the Trenton limestone nor the Coal Measures can be 
found by drilling in a r^on where the surface rock is the St. 
Peter sandstone or the Shakopee limestone, he is justified by one 
of the laws of his science. If further he be asked if there be 
gas beneath the St. Peter sandstone^ his ''body of truth" does 
not give an infallible guide and will not answer positively. It 
will only answer conditionally. The geologist here can only 
appeal to such evidence as exists, and can answer, after weighing 
it j^ro and coi», by a statement of probability on the side of the 
preponderance of evidence. 

4. It requires but a brief examination of the reports that 
have been published of the geology of the state to learn that the 
great formations that furnish gas in the United States are almost 
wholly wanting in Minnesota ; the Trenton only being found in 
such situation as to give a reason for exploration. 

5. The results of all wells that have been sunk in the state, 
with a primary or remote idea of discovering gas, have con- 
firmed this statement, and have coincided, except in minor mat- 
ters of detail, with the conclusions that have been expressed and 
with the published geological maps and reports of the survey. 

6. The facts stated in the reports, therefore, may be consid- 
ered as belonging to the "body of truth" of the science, and 
can be relied on for future guidance so far as they bear on this 
economic question. 

7. The drilled well at Freeborn has passed through the Tren- 
ton limestone, and hence through the lowest known formation 
that supplies burning gas ; and if gas exists, as asserted by the 
sux>erintendent, in the St. Peter sandstone that lies below the 
Trenton and is now only represscid by the surrounding and over- 
lying volume of water, it will be, if demonstnited by the efforts 
that are now being made, a great discovery in the geological 
environments of the gas problem. It may, hence, become as 
important as the original discovery of ga>s in the Trenton limestone 
at Findlay, and thus add another formation to the list of gas 
producers. 

7. This, however, will require an actual demonstration to be 
admitted into the **body of truth" of geological science, since 
the science at present, so far as it has any evidence, pronounces 
with a strong preponderauce of weight against it. 

8. So far as the science affords any evidence in favor of gas 
below the Trenton limestone in Minnesota, it mav be summed 
up about as follows, applying it to the region of Freel>orn: There 
is, X>erhaps, one chance in ten that the formation which is known 
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in the northern part of the state as Animike slates and quartzyies^ 
underlies the county of Freeborn at the depth of about 3,000 
feet. In case it were found at that depth there might be, i>er- 
haps, one chance in one hundred that it would contain some gas, 
and one in a thousand that it would afford enough for economic 
purposes. 

THE ACTUAI.ITY AND POSSIBLE SOURCE OF THE GAS AT 

FBEEBOBN. 

The fact still remains that natural burning-gas is found at 
Freeborn. It rises from a sandy layer in the drift, about seventy- 
five feet below the surface, and bums freely and even violently 
when gathered in pipes and ignited. As the drill passed through 
no Cretaceous strata their presence in the vicinity is rendered 
more questionable, but still not negatived. As the drill penetrated 
no vegetable deposit known elsewhere as the ** forest bed'' its 
presence is also more questionable. But both these are liable to 
produce gas, the latter in smaller quantities than the former, 
and either may exist in the neighborhood and might be struck 
in case of a drill at some short distance in any direction from the 
site of the present well. Indeed there is no source for this gas, 
so far as the writer is aware, except the Cretaceous, or the 
** forest bed,'' and he is inclined to refer it as heretofore to the 
Cretaceous. 

The ** forest bed" is known to exist in Freeborn county, as 
well as in Mower, and to extend irregularly and indefinitely 
southward into northern Iowa. It seems to furnish carbonic 
acid gas in some wells at Albert Lea, and has been the cause of 
some trouble in search for good water for domestic use. But it 
is not invariably the case that carbonic acid is produced by this 
bed of vegetation. Prof. Orton states that in Ohio a light ear- 
buretted hydrogen is struck in the drift deposits much more fre- 
quently than carbonic acid.* 

On the other hand a well in Vernon, Blue Earth county, 
which gives a voluminous discharge of carbonic acid gas, owned 
by C. B. Frazer, is said to have a record which indicates that 
the gas originates in the Cretaceous. This well passed through 
a clay, or shale which is apparently of Cretaceous character and 
age, and at about 115 feet entered sand. The future must 
determine the source of the gas that escapes at Freeborn, for the 
evidence seems almost evenly divided between the Cretaceous 
and the "forest bed." 



»Rei)ort of the Cieoloj;Jcal Survey of Ohio, Vol. 41, p. 773. 



NATURAL GAB IN MINNESOTA. 39 

The l4xt^^ discovery. According to the Freebo)*n Caioity Stand- 
ai'd of June 6th, published at Albert Lea, a new discovery of 
gas has been made on Sec. 30, Biceland, about six miles north- 
east from Albert Lea. The gas here escapes from a well bored 
to the depth of sixty-three feet, and burns with considerable 
violence, and in quantity sufficient to operate a ten-horse power 
engine. The characteristics of this well are identical with those 
of the shallow wells at Freeborn, and they add further probabil- 
ity to the hypothesis that the gas reservoirs of the region are 
confined to the drift. 
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